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 ABSTRACT 
 
In Finland, after each death, the cause and manner of death is determined, the death 
certificate issued, and the medical portion of it sent, via the State Provincial Office (SPO), 
to Statistics Finland (SF), where the cause-of-death register and statistics are created and 
administered. In the present study, this cause-of-death (COD) collecting process was 
examined at its three stages: First, use of autopsy in COD determination and certification 
in male deaths from ischemic heart diseases (IHD) and cerebro-vascular diseases (CVD), 
as an indicator of the reliability of national mortality statistics for the disease concerned. 
Second, validity and reliability of medical death certificates, and effect on national COD 
statistics of validating (by querying of the certifier or consulting a medical expert, or both) 
unsatisfactory certificates. Third, classification and coding according to the ICD-10 of the 
medico-legally proven alcohol or drug poisonings, or both. 
 
Results of the study indicate that the autopsy-based COD determination and certification in 
deaths from IHD of males aged 35 to 64 increased overall and especially in the medico-
legal series from 1974 to 1993, whereas clinical autopsies showed a tendency to diminish 
during the second half of the study period. The overall and clinical use of autopsy in male 
deaths from CVD decreased, especially during the second half of the study period; medico-
legal autopsies showed a slight tendency to increase. 
 
In 1995, for direct underlying-cause coding, 3 478 (7.1%) of Finnish death certificates 
proved to be defective, inaccurate or otherwise unsatisfactory. Validation by expert panel 
hearing and possible (in 19.1% of validated certificates) further querying of the certifying 
physician resulted in re-assignment into another main category of the International 
Classification of Diseases (ICD-9) in 28.6% of validated certificates. In many categories, 
the false positive (FP) and false negative (FN) certifications more or less neutralized each 
other, but unspecified neoplasms and ill-defined conditions showed significant 
overreporting; malignant neoplasms, endocrine diseases, and the injury/poisoning 
category, underreporting. In heart and vascular disease (HVD) subcategories, deviations 
were greater: from 3.6-fold underreporting of rheumatic heart diseases to 51.5% 
overreporting of pulmonary circulation diseases. At the level of national COD statistics, 
this validation procedure displayed its COD-specifying power especially well: Deaths 
decreased significantly in categories of unspecified neoplasms (by 15.2%), pulmonary 
circulation disease (37.6%), and ill-defined conditions (38.5%). 
 
In Finland in 1997, the number of toxicologically proven alcohol poisonings was 401. Of 
these, 126 (31.4%) were reassigned, according to the ICD-10 instructions, at SF: 23% of 
pure alcohol poisonings were assigned to alcohol-related diseases and all 45 drug-
combined alcohol poisonings to the corresponding drug-poisoning category. Concerning 
fatal drug poisonings, most notable observations were the re-coding, in accordance with 
ICD-10 notes, of medico-legally undetermined (as to intent) deaths nearly systematically 
to the category of accidents, and the frequent reassignment of opioid poisonings to the 
dependence category. The largest drug-poisoning category, suicides, remained practically 
unchanged. 
 
 9
 To conclude, the Finnish COD determination and certification of IHD deaths was found to 
be reliable, the validation practices at SF productive as to the increase in correctness and 
specificity of medical COD information, and the underlying-cause (UCD) selection and 
coding of alcohol and drug poisonings consistent, in accordance with the present ICD-10, 
to which, from the medico-legal point of view, some specifications are here proposed. 
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 INTRODUCTION 
 
1 General features 
 
Mortality statistics are traditionally used as 
the health indicator of a population at that 
particular moment as well as during 
successive periods, but also for comparing 
the causes of death and health 
characteristics in general between 
countries. As an essential prerequisite for 
reliable follow-ups and comparisons, 
ideally, all deaths are included and 
stabilized procedures are used in 
producing, collecting, and processing 
cause-of-death (COD) data. The process 
for elaborating mortality statistics is based 
on three main stages after the established 
death: determination, certification, and 
coding of the causes of death. For 
acceptable quality of COD statistics, 
proper functioning of every step in this 
COD collecting process is essential. 
Death certification is the duty of the 
medical profession. Most usually the 
physician in attendance is responsible for 
certification. In medico-legal cases, death 
certification after enacted COD 
investigations falls on the medical 
examiner (or coroner in the Anglo-
American systems). To be valid, the 
certification must be based on appropriate 
COD determination, i.e., diagnostic 
methods and practices, and the 
interpretation of findings and results of 
diagnostic tests should be correct. Hospital 
care and examination during the last illness 
and a complete autopsy, clinical or 
medico-legal depending on the 
circumstances of death, invariably create 
the best pool of information for COD 
argumentation. Consequently, the 
application rate of valid methods at 
population level becomes important. 
During the last three to four decades, 
autopsy rates in developed countries 
throughout the world have shown a 
marked decline, in general and for clinical 
autopsies especially. Differences in 
national autopsy rates still, however, exist, 
according to the WHO (1998) in EU 
countries, from 8% to 38%. 
At the statistics office, certified 
medical causes of death are classified and 
coded according to the International 
Classification of Diseases (ICD), adopted 
by World Health Organization (WHO). 
Since 1996, Statistics Finland (SF) has 
used the tenth revision of the ICD (ICD-
10). The ICD rules determine the selection 
of the underlying cause of death (UCD) for 
primary mortality tabulation. At SF, the 
ICD rules, notes, and guidelines are 
followed, with slight national 
modifications/adaptations of WHO 
recommendations depending on the 
national certification practices and 
epidemiological needs. 
Medical certification of death 
inevitably is more prone to conceptual 
differences and human errors than is the 
centralized COD coding because of the 
concise ICD definitions and rules on the 
causes of death, and on the coding and 
selection of the UCD for mortality 
statistics (Leitch et al. 1987, Jougla et al. 
1992, Balkau et al. 1993). In practice, 
however, differences and discrepancies 
occur even in classifying and coding of 
COD and in selecting the UCD (Kelson 
and Farebrother 1987, Percy and Muir 
1989, Lindahl and Johansson 1994), and 
should be evaluated together as an integral 
part of the COD collecting process 
(Mackenbach et al. 1987). To some extent, 
depending on the purpose the data used, 
these biases in the process may be 
tolerated if only their degree, rate, and 
possible changes in trends are known and 
can be taken into account. In any case, 
however, a continuous follow-up and an 
evaluative approach to the COD collecting 
process are needed to maintain and 
improve the quality of COD statistics. 
In the formation of mortality 
statistics and in the quality assurance of 
registered data, Finland differs from many 
other countries in several ways. First, the 
medical death certificate is issued only 
after autopsy, when performed, with all its 
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 accessory examinations completed. 
Second, a death certificate based on a 
clinical autopsy is issued not by the 
pathologist performing the autopsy but by 
the clinician (attending physician) who 
requested the autopsy. Third, our national 
death certificate form provides that the 
certifier should code each COD diagnosis, 
whether in Part I or in Part II of the death 
certificate, according to the national ICD-
10. Fourth, the medical portion of the 
death certificate form includes a blank 
section (section 12, see Appendix) where 
the certifier describes, in free text, the 
circumstances of death, summarizes 
clinical findings and therapy, and argues 
the reported cause(s) and manner of death. 
Fifth, all forensic toxicological 
examinations are centralized into the 
Department of Forensic Medicine, 
University of Helsinki, in the laboratory of 
its Forensic Toxicology Division (FTD). 
Sixth, State Provincial Offices (SPO), 
under their jurisdiction, direct and 
supervise COD determination and 
certification activities, e.g., every medical 
death certificate issued by physicians is 
inspected by the provincial medical 
examiner in charge, and sent back to the 
certifier for completion/correction when 
needed. Seventh, SF has at its disposal 
medical expertise for regular validation, as 
to medical issues, of incoming death 
certificates which have proven problematic 
for COD coding and, especially, for 
unambiguous selection of the UCD for 
statistics. 
Based on these premises, the Finnish 
COD statistics has been appraised as 
reliable for epidemiological purposes in 
general (Näyhä 1980) and for 
arteriosclerotic and other degenerative 
heart diseases especially (Penttilä and 
Ahonen 1975). Rapola et al. (1997) have 
re-evaluated a material of both non-fatal 
acute myocardial infarctions and deaths 
from coronary heart disease and found that 
94% of cases were diagnosed correctly as 
either definite or possible acute myocardial 
infarction. Moreover, by comparing 
ischemic heart disease (IHD) diagnoses 
from COD statistics with those from the 
FINMONICA myocardial infarction 
register, Mähönen et al. (1999) have 
verified that the IHD mortality trend in 
each register was similar, indicating that 
Finnish COD statistics is reliable and that 
the decline in IHD mortality in Finland is 
real. On the other hand, concerning the 
simultaneous decreasing trends in the 
mortality from IHD and in the exploitation 
of autopsy in the COD determination in 
general in Finland, a question has arisen 
about the possibly decreased autopsy-
based COD determination and certification 
on deaths from IHD. This question is also 
justified because regional differences in 
autopsy frequencies have been reported 
and because the possibility of false 
positive (FP) IHD diagnoses in regions 
with low autopsy rates is increased (Romo 
et al. 1982). In the present study (I), the 
stability of autopsy-based IHD death 
certification is hypothesized to be an 
indicator of continued quality of COD 
statistics, and autopsy trends assessed for 
this purpose. The effects of routine 
validation procedures at SF have not been 
reported earlier. Therefore, the effects on 
COD statistics of the exploitation of 
medical expertise (II) and querying for 
additional information from the certifying 
physician (III) have been assessed in the 
present study. At the same time, it is 
possible to approach the validity of COD 
statistics from the direction of 
classification and coding, according to the 
ICD-10, of alcohol (IV) and drug 
poisonings (V) verified forensic 
toxicologically. This, in fact is indicated, 
because there has been a continuous 
annual underrepresentation of deaths from 
alcohol poisoning—note: not all alcohol-
related deaths—in official statistics 
compared to the figures in the FTD 
register based on the same medical COD 
information.
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 2 Cause-of-death certification 
 
2.1 Causes of death 
 
In 1967, the Twentieth World Health 
Assembly defined the causes of death to be 
entered on the death certificate as “all 
those diseases, morbid conditions or 
injuries which either resulted in or 
contributed to death and the circumstances 
of the accident or violence which produced 
any such injuries,” and the underlying 
cause of death (UCD) as “(a) the disease or 
injury which initiated the train of morbid 
events leading directly to death, or (b) the 
circumstances of the accident or violence 
which produced the fatal injury.” The 
immediate (or direct) COD can be defined 
as the disease/condition with the 
symptoms of which the deceased died, 
excluding modes of dying like heart failure 
and respiratory failure. The immediate 
cause can be the same as the UCD, if only 
one cause is operating; in such a case, 
functional insufficiency such as these heart 
and respiratory failures may not be 
accepted as the COD unless their cause, 
after appropriate examination, remains 
unspecified or undetermined. As the 
consequence of the UCD, and leading, in a 
causal sequence, to the immediate cause, 
intervening causes (one or two in number) 
can be noted. In addition to and different 
from this chain of causes leading directly 
to death, causes contributing to death can 
also be present; the WHO defines these as 
other significant conditions contributing to 
the death, but not related to the disease or 
condition directly causing it. 
From these definitions, one can 
conclude the reverse: that not all diseases 
present at the time of death are causes of 
that particular death and need not be stated 
on the death certificate. 
 
2.2 Death certificate 
 
2.2.1 International form 
 
In order to apply these WHO principles 
and definitions of causes of death easily 
and uniformly, WHO has adopted the form 
of medical certificate of cause of death 
recommended for international use. Figure 
1 shows this form, as adopted in 1990. 
This death certificate form consists 
of two parts. In Part I, the cause(s) leading 
(in causal sequence) directly to death is/are 
reported. At present, a total of four 
potential sequential events (COD 
diagnoses) can be presented in Part I, with 
the UCD cause at the lowest row used. 
Approximate duration (from onset of 
symptoms to death) of each causal 
disease/morbid condition/injury is also 
assumed. In ICD-10, the term “Underlying 
cause of death” is reserved for statistical 
use, and the term “Originating antecedent 
cause” for clinical use, in order to show a 
difference between the registered (by 
statistician) cause and the certified (by 
physician) cause. Usually often these 
appear to be the same, but when the 
certificate is inappropriately completed or 
when the ICD prefers some other condition 
on the certificate to that presented by the 
physician as the originating cause, they 
differ. Part II states other significant 
conditions contributing to the death (if 
any). In national adaptations of medical 
death certificates, places can be reserved 
for other medical information like recent 
surgery and pregnancy state of the 
deceased. 
 
2.2.2 Finnish death certificate 
 
Since April 1, 1998, the Finnish death 
certificate form for deaths occurring at the 
age of 28 days or older consists of three 
different parts: the medical death 
certificate (see Appendix), permission for 
burial, and notification of death for the 
Population Information System (PIS) in  
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 Fig. 1
INTERNATIONAL FORM OF MEDICAL CERTIFICATE OF CAUSE OF DEATH
Cause of death Approximate
interval between
I onset and death
Disease or condition directly
leading to death* (a) ………………………………..  ………………..
due to (or as consequence of)
Antecedent causes (b) ………………………………..  ………………..
Morbid conditions, if any,
giving rise to the above cause, due to (or as consequence of)
stating the underlying
condition last (c) ………………………………..  ………………..
due to (or as consequence of)
(d) ………………………………..  ………………..
II
Other significant conditions  ………………………………….  ………………..
contributing to the death, but
not related to the disease or
condition causing it  ………………………………….  ………………..
*This does not mean the mode of dying, e.g. heart failure, respiratory failure.
It means the disease, injury, or complication that caused death.
From the ICD-10,Volume 2, WHO 1993  
 
 
the Population Register Centre (PRC). 
Only the medical death certificate includes 
COD information. 
The “core” of the national medical 
death certificate, i.e., the presentation of 
causes of death, follows the principles and 
structure of the international WHO 
recommendation (see Introduction 2.1.) by 
reserving a line for the originating 
antecedent, intervening cause(s), and 
immediate (direct) COD as well as space 
for the time-interval between the onset of 
symptoms of each condition and the time 
of death. In addition, a designated space is 
reserved for ICD codes—and, in poisoning 
deaths, Anatomical Therapeutic Chemical 
Classification Index (ATC) codes—to 
differentiate the possible external cause 
(according to the manner of death) from 
the medical cause (specified injury, 
poisoning, disease, condition), and, among 
the medical causes, the code of the most 
important injury/poison from among other 
possible components. 
The medical statement, in general, 
contains the following parts: purpose for 
which the certificate is issued, 
identification of the patient, history, 
current findings and the results of tests and 
examination, conclusions on the matter 
concerned, and the affirmation by and the 
signature of the certifier. In legal terms, a 
death certificate is a specific form of this 
general scheme. To fulfill requirements for 
presentation of circumstances and findings 
around the death and to summarize 
evidence for the reported cause and 
manner of death, the Finnish medical death 
certificate form includes blank lines 
(Section 12, “Circumstances of death,” see 
Appendix), called in this study “free-text 
summary” because of this section’s 
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 broader use also in disputation. Here the 
certifying physician is instructed to give a 
short history of events, especially of 
medical examinations and therapeutic 
measures, and to describe the 
circumstances before and around the death 
to such an extent that the stated medical 
conclusions, i.e., COD diagnoses, their 
causal sequence, and the manner of death, 
become justified. The completion of these 
blank lines is required in every death (up 
to 1987, only in unnatural deaths). If the 
death is accompanied by injury or 
poisoning, a detailed description of 
external circumstances is required. 
Likewise, when a medical operation is 
performed within four weeks before death, 
the indication for and the date of the 
operation is reported here. 
Finland has had, since 1987, also a 
special death certificate for stillbirths and 
neonatal deaths (under the age of 28 days), 
in the format recommended for perinatal 
(stillbirth/0-1 week) deaths by WHO, in 
which the main disease/condition and the 
possible other diseases/conditions are 
presented separately for fetus/infant and 
mother. 
Instructions for the certifiers on how 
to certify causes of death and how to 
complete the different parts of the death 
certificate form are given on the certificate 
form itself and in Circular No 1789 
(Cause-of-Death Determination, in Finnish 
Kuolemansyyn selvittäminen) by what was 
then the National Board of Health. 
Guidance in death certification in a more 
extended form with examples, is also given 
in the Classification of Diseases ICD-10, 
Second edition, 1999 (Tautiluokitus ICD-
10, toinen painos, 1999), the current 
Finnish national classification of diseases. 
An exceptionally intensive educational 
intervention took place in autumn 1995, 
before introduction of the national ICD-10: 
Training events for physicians on the use 
of classification and the completion of 
death certificate were held in all health 
care districts in the country. 
2.3 Cause-of-death determination in 
Finland 
 
For the COD determination, autopsy has a 
long tradition and is still, with all its 
modern applications, justified in many 
clinical deaths; among all methods in most 
medico-legal deaths, it is superior. Clinical 
autopsy is of substantial importance not 
only in the context of the present study, 
i.e., for the correct medical death 
certification and statistical coding and 
registration of causes of death, but also in 
quality assurance and control of medical 
care and monitoring of new diagnostic and 
curative medical procedures, as well as in 
the teaching and education of and by 
medical professionals (Lindsberg and 
Karjalainen-Lindsberg 2003). Medico-
legal autopsies, as a part of forensic 
investigation, are also important for 
insuring the legal rights of not only the 
deceased and next-of-kin but also of the 
medical personnel (Jääskeläinen 2003). 
In Europe, the history of medical 
autopsy goes back to medieval medical 
schools in Italy (such as Bologna and 
Salerno) and France (Montpellier and 
Paris). Finnish history of autopsy reaches 
back to the late 1600´s, after the 
establishment in 1640 of the first Finnish 
university, the Academy of Turku, with 
one of its five chairs belonging to 
medicine from the very beginning. At that 
time, the autopsy was a public 
performance, at best an anatomic 
dissection, but not an actual procedure for 
COD determination. The first mention of 
body inspection and autopsy in the 
legislation of the then Sweden-Finland 
dates to 1688. In 1725, the national 
medical body (Collegium Medicum) sued 
for, and the next year was afforded, the 
right to perform autopsies to determine 
causes of maternal deaths during delivery 
(Forsius 1986). 
A law from the year 1734 stipulated 
that if was unclear whether a death was 
due to disease or injury, the judge had to 
have the body inspected before burial. In 
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 practice, the history of governmental 
forensic medicine may be said to begin 
from 1744 when the first regulations were 
issued on the responsibility of district 
physicians to inspect bodies dead from 
injury or poisoning and make a medico-
legal statement to the court (Vuori 1979). 
In Finland, the first district physician post 
was created in 1749, and by 1809 these 
posts numbered 13 (Brummer 1984). No 
regulations or instructions on performing 
body inspection and autopsy existed, 
however, until 1832, and were presented in 
a more detailed form in 1841, by the 
Finnish Collegium Medicum. According to 
these regulations, an autopsy report should 
include, in addition to autopsy findings, 
disease history of the deceased and a 
statement on the (suspected) cause of 
death. If poisoning was suspected, 
necessary specimens should be taken. 
Conclusions, as to the cause and the 
manner of death, should be based on 
objective findings at autopsy.  
These principles and practices reflect 
the then state of development in the 
scientific world. Empirical thinking was 
gaining control over natural philosophy in 
the natural sciences and medicine. At the 
University of Helsinki, the first professor 
of pathology was appointed in 1859. 
Forensic medicine, then called “state 
medicine,” was a part of the 
responsibilities of the chair. As an 
independent university discipline, forensic 
medicine dates back a century to the year 
1903 when the professor’s chair was 
established at the University of Helsinki. 
From the very beginning, the teaching of 
and the scientific work on the COD 
determination was an essential part of the 
discipline. Forensic toxicology belonged 
initially to the responsibilities of the 
National Board of Health, established in 
1878 as the successor to the Finnish 
Collegium Medicum, but got an academic 
position in 1948, when the Chair and the 
Forensic Toxicology Division were 
established in the then Institute of Forensic 
Medicine at the University of Helsinki. 
The aforementioned regulations on 
autopsy practices were effective until 
1936. Later, COD investigation and 
performance of autopsies were guided by 
statutes of 1936 and 1947, authorized by 
the Criminal Law from the year 1889, and 
by the regulations of the National Board of 
Health. 
The present era in the history of 
COD determination in Finland begins in 
1973 when the prevailing special 
legislation on the subject came into force. 
According to the Act (459/73) and Statute 
(948/73) on the Inquest into the Cause of 
Death, the attending physician, a doctor in 
the primary care, or the police must be 
immediately informed of the death, and the 
cause and manner of death must be 
determined before the body can be buried 
or donated for medical purposes. The 
procedure, medical or medico-legal, 
demanded by the Act, depends on the 
circumstances of death. 
In the Finnish Act on the Inquest into 
the Cause of Death (459/73), the 7th 
paragraph reads: 
“Police shall make an investigation when 
1) It is not known that death has been 
caused by disease, or a physician has not 
treated the deceased during his/her last 
illness, 
2) Crime, accident, suicide, poisoning, 
occupational disease or medical treatment 
(malpractice) has caused the death or 
there is reason to suspect that death has 
resulted from such a cause, 
3) Death has been otherwise unexpected. 
In the investigation, a medical doctor must 
be consulted if necessary.” 
The medical COD determination 
procedure must be interrupted and the 
police informed of the death, if anything 
suggests to medico-legal issues. This 
practice concerns every death in the 
country. The death abroad (of Finnish 
resident), if the body is to be buried in 
Finland, is examined, COD determined, 
and the Finnish death certificate issued by 
SPO medical examiner in charge. 
 16
 The medico-legal COD investigation 
by the police is not a question of criminal 
inquiry but, literally, of COD 
investigation; the criminal investigation is 
carried out at the same time or may follow 
in due order, if indicated. Only 
exceptionally may the cause of death be 
determined by the investigation of history 
of events, circumstances of death and 
external inspection of the dead body. 
Practically always, the police in charge of 
COD investigation order a medico-legal 
autopsy by the provincial medical 
examiner or university forensic pathologist 
depending on local circumstances. If the 
police do not consider the medico-legal 
investigation of a particular death 
necessary, the medical COD examination 
and death certification become the 
responsibility of the attending (or primary 
health care) physician. 
A clinical autopsy, when considered 
necessary, can be performed, however, 
only if the cause of death remains 
unknown and near relatives agree to the 
request. The State Provincial Office (SPO) 
can, within its jurisdiction, permit the 
autopsy if the relatives cannot be 
reached—but not against their wishes— 
provided that the cause of death is 
unknown and that the autopsy can be 
considered beneficial to the population’s 
health in general. On the other hand, when 
requested by the next-of-kin, the medical 
autopsy, if possible, should be performed. 
Nowadays, most deaths occur in 
hospitals, with about 70% in Finland (SF, 
personal communication, 2004). Even in 
out-of-hospital attended deaths, the 
physician in charge often has information 
on the diseases/condition of the deceased 
prior to death because clinical data exist 
and are at the physician’s disposal, and 
may suffice for certification of cause(s) of 
death. This fact, together with the 
development in clinical diagnostic 
methods during the last decades, often 
means that the cause of death can be 
reliably determined and certified on 
clinical grounds alone. When the death has 
occurred during medical care (in hospital, 
most usually), no reasons for medico-legal 
investigation exist, and the consent for 
autopsy is granted the clinician may 
request a clinical autopsy. At best, the 
autopsy proves the cause of death, and 
confirms or excludes clinically suspected 
cause(s), and together with all clinical 
evidence is the prerequisite for correct 
COD certification. In medico-legal cases, 
i.e., in sudden, unexpected natural and in 
all unnatural deaths, the investigation is 
expanded from the tissue and organ 
pathology to encompass also the external 
circumstances of death. 
 
2.4 Medical death certification in 
Finland 
 
After the death and before the death 
certificate can be issued, the dead body 
must be inspected and identified, death 
officially established, and the cause(s) of 
death determined by a medical doctor in 
the stipulated order. 
The death certificate is a medico-
legal statement on the cause(s) and manner 
of death, based on the results of the COD 
determination process. In addition, the 
death certificate has legal and 
administrative function as the licence for 
burial and as the announcement of death to 
the national population register, in Finland 
to the Population Information System 
(PIS). At the same, the medical death 
certificate, i.e., the portion of the death 
certificate that includes COD information, 
is the basic, indispensable information 
source for COD statistics. 
The modern medical death 
certification and COD statistics in Finland 
derives from the year 1936, when 
physicians were obliged, based on the 
appropriate COD determination, to state 
cause of death in each individual death. 
National data on cause of death have 
existed, however, since the middle of the 
18th century, when the clergy was ordered 
to deliver information on (number of) 
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 deaths by tabulating causes of deaths 
according to the classification then in use. 
Nowadays, individual medical death 
certificates are the source of information 
on the causes of death for the authority in 
charge of mortality statistics, the validity 
of which is consequently essentially based 
on the quality of certification. SF matches 
the information of deaths from the PIS 
with individual death certificates and this 
way follows the completeness of COD 
statistics. The COD statistics includes all 
deaths among Finnish residents, also those 
abroad. In contrast, the deaths of non-
residents are systematically excluded from 
the statistics. In recent years, the coverage 
of deaths by death certificates has been 
practically complete, about 99.9% (Causes 
of Death, 2004). 
Complete coverage of deaths by 
medical death certificates is not as such a 
sufficient guarantee of valid COD 
statistics. Individual certificates must 
fulfill certain qualifications: Certified 
causes of death should be based on 
appropriate investigations, the 
interpretation of findings—as to the 
causation of death—must be sound, and 
the certification itself be clear, consistent, 
and according to regulations and rules. 
On the medical death certificate 
form, the certifying physician presents the 
COD diagnosis (-es) in Finnish or 
Swedish, depending on the mother tongue 
of the deceased, and also gives the code(s) 
for each diagnosis according to the 
national adaptation of the respective ICD. 
Since 1997, drugs and medications as the 
cause of adverse effect or poisoning have 
been classified and coded by each certifier 
according to the ATC classification index 
(WHO Collaborating Centre for Drug 
Statistics Methodology 2000), instead of 
ICD. At SF, ATC drug codes are translated 
into ICD codes. 
The certifier states the manner of 
death by marking the respective item in 
Section 8 of the Finnish medical death 
certificate; these items, since 1998, have 
been (see Appendix): natural death (from 
disease or occupational disease), 
accidental death, death due to medical 
examination or therapy, suicide, homicide, 
death (directly or indirectly) due to war or 
death undetermined (as to intent). In 
accidental death, the scene of 
incident/activity is described by selecting 
the first appropriate alternative in the 
following succession of events/places: 
transport, employment, sport or physical 
exercise, leisure activity; at home, in 
health-care unit, other places, not known. 
Circumstances of death and, especially, 
external conditions of unnatural death are 
presumed always to be described in the 
free-text summary, Section 12 of the form. 
The certifier also specifies unnatural death 
by coding the originating antecedent cause 
of death with an ICD external cause code 
from Chapter XX of ICD-10. 
Information on method(s) for COD 
determination also required are the 
following: clinical examinations, clinical 
autopsy (place and identifier), medico-
legal autopsy (place and identifier), other 
methods (specification). As earlier 
stressed, in deaths where an autopsy has 
been performed, the medical death 
certificate is issued only after all the 
results of the autopsy are at the certifier’s 
disposal.  
The certifier, or the responsible 
health-care unit, sends the medical death 
certificate to the SPO concerned (Fig. 2). 
The provincial medical examiner inspects 
all death certificates, can ask for further 
information from the certifier, and sends 
certificates over to the SF, Finland’s 
central statistical office. Because SPO is 
responsible for the whole of the COD 
determination practices under its 
jurisdiction—not only death 
certification—the continuous flow of death 
certificates renders the surveillance and 
guidance of COD determination and 
certification practices possible at this stage 
of the COD collecting process. 
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 Fig. 2. Circulation of death certificate
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 2.5 Validation of cause-of-death 
information at Statistics Finland 
 
Primary information on cause(s) of death 
and the certification itself inevitably vary, 
due to the differences and correctness of 
medical examinations and argumentations, 
so that medical death certificates 
problematic as to statistical coding always 
will occur. To add to the correctness in 
certification and accuracy of COD 
statistics, systematic attempts to improve 
the quality of medical information on 
death certificates are implemented. 
Two commonly applied means for 
editing and validation, at statistics office, 
of medical information on death certificate 
are obtaining additional information from 
the certifier and the use of medical 
expertise to help ascertain from among the 
information (diagnoses, codes, free-text 
summary) on the death certificate the 
medically correct antecedent originating 
cause to allow selection of the statistical 
underlying cause of death. The evaluation 
and possible validation of the medical 
COD information on the death certificate 
is important because a mechanical use of 
ICD rules does not improve the quality of 
reported medical information but only 
compensates for inaccuracies in 
certification (Johansson and Westerling 
2002). 
 
2.5.1 Query practices 
 
In the context of the present study, a query 
can be defined as a means for statistics 
office to obtain from the certifier 
additional or (more) specific information, 
or both, on the causes of death in order to 
create valid COD statistics. The criteria for 
and the rate of querying concerning 
inaccurate or inconsistent medical death 
certificates are important factors when 
recognizing the quality of COD statistics. 
In the US, the National Center for Health 
Statistics (1985) has recommended criteria 
for COD querying with six priority levels; 
the minimum level of querying includes 
items like the nature and primary site of a 
neoplasm, symptoms and signs without a 
specific cause, injuries without an external 
cause, and also certificates where the 
causal arrangement of the reported causes 
is questionable, affecting the selection of 
the underlying cause. Each higher level 
then provides additional detail. 
At SF, the coding statistician carries 
out querying according to the internal 
instructions and practices of the unit 
(Cause of Death Statistics). When the 
condition entered at the lowest line of Part 
I does not seem to have given rise to all the 
conditions entered above it, the certificate 
is further queried or, as the first act in 
clarification, the medical expert consulted. 
Furthermore, when the disease is cited as 
“ill-defined” or “unspecified” and when a 
condition from Chapter XVIII in ICD-10 
(“Symptoms, signs and other ill-defined 
conditions”) is reported as the only cause 
in part I of the death certificate, the coder 
has to consider whether querying/ 
consulting can furnish further information. 
Also may be queried typical complications 
like pneumonia, hemorrhage, 
thrombophlebitis, thrombosis, embolism, 
acute myocardial infarction, acute renal 
failure, and diseases/conditions called 
“secondary” but without mentioning the 
primary disease. This occurs if it is not, at 
least implicitly, evident that the antecedent 
condition is unknown. The certificate is 
further validated also when the disease 
reported in Part I seems to be invalid as the 
cause of death, and yet a definite diagnosis 
is entered in Part II or a possibly relevant 
(as cause of death) disease mentioned in 
the free-text summary. In multiple-
poisoning deaths, additional information 
may be needed from the FTD at the 
Department of Forensic Medicine, 
University of Helsinki.  
Queries are always in writing, on a 
standardized form specifying the problem 
and the additional information requested. 
Most of the queries are nowadays sent 
directly by the coding procedure; only 
about 20 to 25% of queried cases have 
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 been those not settled by previous medical 
expert consultation but needing further 
clarification. During the last decade, the 
items most often questioned have been the 
etiology or nature of the disease/condition, 
the primary site of malignant neoplasm, 
the causal sequence of conditions 
presented in Part I of the death certificate, 
the relationship of Part I diagnoses to those 
stated as contributing causes in Part II of 
the death certificate or to information on 
events before and at the time of death 
reported in section 12 of the death 
certificate form (Causes of Death, 2004). 
 
2.5.2 Exploitation of medical expertise 
 
At SF, death certificates problematic for 
coding/selection of UCD are selected for 
weekly medical expert consultations.  
During the present study, the medical 
experts have been two in number, both 
being specialists in forensic medicine. The 
expert tries to the best of his/her 
knowledge to clarify, explain, and arrange 
the medical information on the death 
certificate so that the originating cause of 
death becomes unambiguously clear to 
allow the statistician to select and code the 
statistical UCD. In this procedure, all the 
medical information on the Finnish death 
certificate is utilized: the (written) terms of 
COD diagnoses, their preliminary codes by 
the certifier, time interval(s) between the 
onset of the cause(s) and the death, and the 
summarized free-text information on 
possible clinical examinations and results 
of any autopsy. These comprehensive 
medical data on the death certificate are an 
important prerequisite for feasible 
exploitation of medical expertise before 
the statistical coding. Not always, 
however, is even this enough but a further 
query will be required. 
The number of annual deaths and all 
validated death certificates, separately for 
queried certificates and those examined by 
experts for the years 1994-2003 is 
presented in Table 1. In addition, UCD has 
 
 
 
Table 1
Validation of unsatisfactory death certificates at Statistics Finland, 1993 through 2002*
Year Annual Expert Queries to certifier Validations, total
deaths (n) consultations
n % n¹ % n¹ %
1993 51 033 - - 900 1.8 - -
1994 47 946 - - 610 1.3 - -
1995 49 326 2 813² 5.7 665² 1.3 3 478² 7.1
1996 49 161 2 359 4.8 268 0.5 2 627 5.3
1997 49 143 1 990 4.0 392 0.8 2 382 4.8
1998 49 237 - - 473 1.0 - -
1999 49 368 2 207 4.5 443 0.9 2 650 5.4
2000 49 316 1 803 3.7 474 1.0 2 277 4.6
2001 48 504 1 463 3.0 272 0.6 1 735 3.6
2002 49 389 2 097 4.2 306 0.6 2 403 4.9
*From annual reports on Causes of Death by SF
¹Unanswered inquiries excluded 
²From the present study on deaths at age >1 year  
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 been increasingly established after 1995 
from the free-text summary on death 
certificate, with or without help of medical 
expert. The need for additional information 
has been decreasing since 1993 when the 
queries alone numbered 900. As stated by 
SF (Causes of Death, 2004), this decrease 
may have resulted partly from the 
improved quality of the medical COD 
information and “partly from the decision 
to apply more case discretion” at the 
statistics by taking into account and 
interpreting, with expert medical help 
when needed, all the data on the 
certificate. The total number of additional 
inquiries increases, however, when FTD 
consultations, most usually in multi-
toxicant poisoning deaths, are taken into 
account, with 180, 109, 165, and 181 
annual cases in the four years from 1999 to 
2002. Before 1999, FTD consultations 
have been sporadic and substantially fewer 
in number. 
 
3 Cause-of-death classification, 
coding and registration 
 
3.1 International cause-of-death 
classification 
 
In many European countries, registration 
of deaths (burials) and other vital events 
have roots deep in the 1500´s. During the 
next century, interest in tabulation and 
statistical presentation of social events 
increased. The pioneer of demography is 
often mentioned as John Graunt, who 
examined the Bills of Mortality (lists of 
the deceased) in London in the middle of 
the 17th century to estimate the mortality 
rate of live-born children. In the following 
century, came the first separate attempts to 
classify diseases systematically by 
Francois de Lacroix, Carl Linné, and 
William Cullen (ICD-9, Introduction, 
1977). 
In practice, systematic classification 
of causes of death was begun and strongly 
promoted by Sir William Farr in the mid-
1800’s. As the result, the first International 
Statistical Congress was held at Brussels in 
1853, and Farr and Marc d‘Espine, a 
Swiss, were authorized to prepare a COD 
classification applicable in all countries. In 
the next congress in Paris two years later, 
Farr could produce a COD classification in 
which, for the first time, the basic structure 
still used was presented: epidemic 
(infectious) diseases, constitutional 
(general) diseases, local (by anatomical 
site) diseases, developmental diseases 
(malformations), and conditions (injuries) 
resulting from violence. Afterwards, the 
International Statistical Institute, successor 
to the International Statistical Congress, 
was established, and as a result of its first 
meeting in Vienna in 1891, an 
International List of Causes of Death, 
based on the principles of Farr, was 
created by Jacques Bertillon and adopted 
in Chicago in 1893 and in revised form in 
Paris in 1900. The International Statistical 
Institute, together with the Health 
Organization of the League of Nations, 
developed and expanded this classification 
to encompass morbidity, which principle 
was adopted at the 5th International Health 
Congress in 1938. After World War II, the 
WHO took responsibility for classification. 
In Paris in 1948, the International 
Conference convened for the Sixth 
Revision of the International Lists of 
Diseases and Causes of Death which was 
confirmed at the first World Health 
Assembly later in the same year. 
Afterwards, the seventh (1955) and the 
eighth (1965) revisions of the ICD were 
accepted, without any radical changes in 
the basic principles or structure. Ten years 
later, in 1975, the 9th World Health 
Assembly adopted the ninth revision (ICD-
9) to come into effect from the beginning 
of 1979. The present ICD-10 was 
introduced in 1992 and since then has been 
used in most WHO-member countries, in 
Finland from the beginning of 1996. 
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 3.2 Cause-of-death classification in 
Finland 
 
In Finland, the roots of disease 
classification reach into the 18th century, 
the time when Finland was a part of the 
Kingdom of Sweden. Compilation of 
population statistics began in 1749. One 
part of the collected data comprised burials 
by five-year age-groups according to cause 
of death (Luther 1993). This development 
created the need for classifying causes of 
death. The first issue of the classification is 
from the same year, 1749. It was 
descriptive nomenclature rather than a 
systematic classification of conditions, 
diseases, and injuries causing death, with 
35 different categories. During the 
Swedish regime, the nomenclature was 
revised twice, in 1774 and 1802.  
After Finland’s being incorporated 
as an autonomic Grand Duchy into the 
Russian Empire in 1809, a new 
classification of causes of death, based on 
the earlier principles and structure but with 
fewer entities and categories, was 
introduced in 1810, and used through 
1877. In 1878, the COD nomenclature was 
once more renewed in order to increase the 
validity of mortality statistics. Definite 
categories for diseases and conditions 
reliably determinable by laymen were 
formed and numbered only nine; those 
with more uncertainty formed a common 
”Other or unspecific” category. One, and 
an unwanted one, of the consequences 
was, however, the continuous increase in 
deaths from unknown causes, up to about 
75% (!) of all deaths from 1921 to 1926 
(Introduction to Causes of Death 1936-
1937, 1939). After Finland’s winning her 
independence in 1917, a more detailed 
Nomenclature with 32 categories, in 1927, 
resulted in a dramatic decline in the 
incidence of “other or unknown” causes of 
death: to about 14% in 1927 to 1935. 
The reform of COD statistics had 
been discussed for decades until at last a    
new Statute on information needed for 
mortality statistics was passed in 1935 to 
come into force in the beginning of the 
next year. At the same time, the National 
Board of Health issued new COD 
nomenclature, based on the fourth revision 
of the International List of Causes of 
Death, adopted in 1929. An era of 
internationally comparable classifying, 
coding, and registration of causes of death 
began in Finland. 
Since 1952, the International 
Statistical Classification of Diseases, 
Injuries, and Causes of Death (Sixth 
Revision of the International Lists of 
Diseases and Causes of Death, adopted by 
WHO in 1948), was applied to the national 
COD statistics. Translated into Latin and, 
partly, also into Finnish and Swedish, the 
two official languages of Finland, and with 
instructions on death certificate 
completion, this Classification was 
introduced to physicians. From 1954 
onwards, its use expanded into 
classification of diseases of in-patients at 
hospitals, and of morbidity in general. 
In ICD-6 (1948) came the dual 
classification according to E(xternal cause) 
and N(ature of injury) codes. In the 
Finnish COD Nomenclature (National 
Board of Health 1952), the classification 
of external causes of unnatural deaths was 
simplified but was not fully compatible 
with the international classification; deaths 
were also categorized according to the 
place of event, divided into 10 categories. 
During the years 1959 to 1968, the ICD-7 
and its E-classification was used in the 
statistics; the tabulation was according to 
both the N- and E-codes.   
From the beginning of 1969, 
“Tautiluokitus 1969,” the national 
adaptation of the ICD-8, was taken into 
overall use, i.e., not only for COD 
certification; the then Central Statistical 
Office, the predecessor of SF, used the 
original ICD-8 in COD classification and 
coding, and the E-code was the primary 
one. The manual included, for the first 
time, all international definitions, rules, 
and guidelines for the compilation of COD 
statistics. These were meant for especially, 
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 the provincial (and town) physicians 
inspecting death certificates in their 
administrative area. But, at the same was 
emphasized the necessity of every 
practicing physician to become informed 
about regulations in order to increase the 
quality of death certification, considering 
not only medico-legal purposes but also 
improvement of epidemiological 
information sources for health policy. 
Since the beginning of 1996, ICD-10 
and its national adaptation “Tautiluokitus 
ICD-10” has been used in Finland. SF uses 
the original ICD-10, physicians its national 
adaptation. Classifications are—or were—
at the 4-digit level identical except in 
Chapter XX (External causes) where the 
national version is shortened. From the 
year 1998 on, however, classification of 
drug poisonings in the national adaptation 
were changed so that all drug poisonings 
are now assigned to the category T36 and, 
of course, to the external-cause category 
concerned; the drug itself is specified 
(more exactly) by the ATC code, at its 5-
character level. COD register at SF uses 
ICD-10 codes. 
 
3.3 Cause-of-death registration in 
Finland 
 
Registration of causes of death has a long 
history in Finland. In the then Kingdom of 
Sweden, of which Finland was a part, the 
first population rolls were compiled in the 
early 1500’s to ensure tax collection and, 
later, the enrollment of young men capable 
of military service (Luther 1993). The 
basic foundation of the population 
statistics was laid in 1686 by the Swedish 
ecclesiastical law that obliged the clergy to 
record all baptisms/births and 
burials/deaths, as well as marriages and 
migrations between parishes (Rogers 
1999). In 1748, the government central 
statistical office (Tabellverket) was created 
by royal decree to collect and register 
population data from the beginning of the 
year 1749. At that time, it was already 
generally considered that to reduce the 
number of deaths, information on cause-
specific death rates were necessary to 
identify risks and populations at risk. The 
data were gathered on separate forms for 
tabulation of deaths by the cause, age and 
sex (Rogers 1999). 
In autonomous Finland (1809-1917), 
a part of then Imperial Russia, the Central 
Statistical Office was founded in 1865. 
This reform created totally new 
possibilities to push forward effective 
innovations like direct collection of data 
and to exploit information collected. The 
first publication, “The Finnish Population 
on 31 December 1865,” appeared in 1870 
(as Series VI of the Official Statistics of 
Finland), after which the annual statistics 
have been published regularly (Luther 
1993). 
As early as in 1904, a governmental 
statistics committee began to pay attention 
to the need for medical expertise at the 
central statistical office when classifying 
and registering causes of death. Since the 
post-war years in the late 1940’s, regular 
use of medical advisors in compiling of 
statistics has been mentioned in the annual 
publications on causes of death. 
Nowadays, a medical expert is consulted 
face to face by the statistician when 
needed, usually once a week. 
In 1936, medical COD certification 
by physician became compulsory in the 
whole country. Possibilities to compile 
correct and complete COD statistics 
dramatically increased. A death certificate 
was sent first to the local population 
register and from there to the SPO where a 
medical officer checked it before 
delivering it to the then Central Statistical 
Office. 
SF compiles and is responsible for 
the national COD statistics, created from 
the medical information on death 
certificates; the unit of Cause of Death 
Statistics classifies and codes all causes on 
the death certificate and selects from 
among them for tabulation the underlying 
cause of death according to the ICD rules, 
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 since the beginning of 1996 according to 
the ICD-10. 
 
Selection rules in the ICD-10 number four: 
The General Principle states that when 
more than one condition is entered on the 
certificate, the condition entered alone on 
the lowest used line of Part I should be 
selected only if it could have given rise to 
all the conditions entered above it. 
Rule1. If the General Principle does not 
apply and there is a reported sequence 
terminating in the condition first entered 
on the certificate, select the originating 
cause of this sequence. If there is more 
than one sequence terminating in the 
condition mentioned first, select the 
originating cause of the first-mentioned 
sequence. 
Rule 2. If there is no reported sequence 
terminating in the condition first entered 
on the certificate, select this first entered 
condition. 
Rule 3. If the condition selected by the 
General Principle or by Rule 1 or Rule 2 is 
obviously a direct consequence of another 
reported condition, whether in Part I or  
Part II, select this primary condition. 
 
Modification rules (A-F) are intended to 
improve the usefulness and precision of 
COD data (ICD-10, Volume 2) 
 
The multiple-cause coding has been 
carried on at SF since the beginning of 
1987. Into the COD register, the direct 
cause, two intervening causes, the 
underlying cause of death and several (4-6) 
contributing causes are entered; each cause 
can be described by more than one code. 
About 94 to 98% of statistical underlying 
causes of death have been consistent with 
the certified originating antecedent COD. 
Code loci are reserved, however, also for 
the medical originating cause. In practice, 
the number of registered causes has been 
about two to three per death (Cause of 
Death Statistics, personal communication, 
2004). The primary code in unnatural 
deaths is that of the external cause, 
according to point b) in the definition of 
the underlying cause (see Introduction 
2.1); for specification of the consequence 
of external cause, i.e., the nature of injury 
or medical agent or biological substance, 
codes are used from Chapter XIX. 
From the Finnish practice, since 
1998, to specify drugs with ATC codes 
instead of ICD codes, it follows that the 
ATC codes on death certificates have to be 
translated into ICD-10 codes: the Cause of 
Death Statistics must follow international 
standards and conventions. 
All original medical death 
certificates are permanently archived at 
SF, even in scanned form since April 1998. 
The copy of medical death certificate also 
always pertains to the medical record of 
the deceased and to the records of COD 
determination. In Finland, the individual 
COD information is strictly confidential. 
Information can be communicated, on 
approval, by the near relatives 
(corresponding closest relation) of the 
deceased, insurance institution, the court 
of law and also authorities or other bodies 
who have a legitimate reason to request it. 
For scientific studies and statistical 
surveys, SF can release individual data 
included in death certificates in 
compliance with the provisions of the 
Inquest into the Cause of Death (459/73); 
up to April 1, 1998, the access to 
individual COD information at SF was 
defined by the Statute on the Registration 
of Birth and Death from the year 1970. 
The application for a licence to use COD 
data files is examined and the permission 
granted/rejected, according to the adopted 
principles and conditions, by SF. 
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 REVIEW OF LITERATURE ON 
MEDICAL DEATH CERTIFICATION 
FOR UNDERLYING-CAUSE CODING 
 
1 Studies on autopsy and autopsy-
based medical death certification  
 
The correctness of COD statistics depends 
on how completely the death certification 
covers all national deaths and how reliably 
it measures causes of death and their rates 
within a population. Nowadays, in 
developed countries, the coverage 
approaches 100 percent of deaths (Kircher 
1990, Statistics Finland 2004, Swedish 
National Social Board 2003). The 
correctness of medical COD data, in turn, 
is related primarily to the methods by 
which this information is produced, its 
completeness and availability for medical 
death certification, and then, secondly, on 
the death certification itself—how 
correctly and completely death certificates 
are completed. 
In the medical COD determination, 
physicians can make use of the medical 
information based on the history and the 
results of clinical examinations of their 
former patient, but also request a clinical 
autopsy, when indicated and permitted by 
the next-of-kin. COD determination based 
on examinations during life or autopsy, 
both have limitations of their own, but 
when used together create the best 
outcome (Penttilä and Ahonen 1975, 
Kircher et al. 1985). In medico-legal 
systems, investigation to the circumstances 
(by the police/medical doctor) of death 
necessarily provides an essential extension 
to medical examinations. Most usually, 
medico-legal autopsy is irreplaceable in 
the investigation of deaths from external 
causes as well as—and one may say, 
especially—in sudden, unexpected natural 
deaths, whether in the hospital or outside 
(Asnaes and Paaske 1980). In these 
situations, only an appropriately performed 
complete autopsy, if any, with relevant 
accessory diagnostic methods (histology, 
radiology, biochemistry, toxicology) can 
reveal the cause(s) of death because 
history and clinical information often do 
not exist, and investigation of the death 
circumstances and mere external 
inspection of the corpse do not suffice 
(Lindsberg and Karjalainen-Lindsberg 
2003, Jääskeläinen 2003). 
In addition to its role in COD 
determination and certification, the 
position of autopsy is important in the 
quality-assessment of medical care, in 
training of medical students and 
professionals, in medical and 
epidemiological research, and in 
developing new techniques and methods 
for medical practice (Britton 1974a, 
1974b, Cameron and McGoogan 1981, 
Anderson and Hill 1989, Veress and 
Alafuzoff 1994, Penttilä et al. 1999, 
Loughrey et al. 2000, Wood and Guha 
2001, Brinkmann et al. 2002). 
On the other hand, no matter how 
good and precise is an autopsy per se in 
the COD determination arsenal for a 
particular death, its importance as a 
guarantee of the quality of COD 
certification is accentuated in the way it is 
used at population level. When considering 
the correctness and reliability of death 
certification, among all deaths in a 
population, what matters is the autopsy 
rate (Kircher et al. 1985). As early as in 
1963, Isotalo and Korpela, when 
considering the reliability of medical death 
certificates in Finland, underlined the 
importance of examinations on which 
certification is based. Autopsy index for all 
national deaths was considered an 
important measure of the reliability of 
mortality statistics. Concerning the year 
1961, they reported an overall national 
autopsy rate of 14.2%, provincial variation 
being, however, large (range 2.8-37.8%). 
Lack of autopsy facilities was stated to be 
the cause of these low figures.  
Since those times, the total autopsy 
rate in Finland first climbed continuously, 
being at its highest, around 38%, in the 
time-period 1973 to 1979 (Fig. 3). The 
trend was similar both in clinical and 
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 medico-legal autopsies. But during the 
1980’s, the national autopsy rate has 
shown a declining trend, overall and 
clinically, while the rate of medico-legal 
autopsies has increased, stabilizing the 
total autopsy rate at the level of 30 to 31% 
since the beginning of the 1990’s. In 2003, 
the overall autopsy rate was in Finland 
30.0%, 8.9% for clinical autopsies and 
21.1% for medico-legal autopsies (Causes 
of Death, 2004). 
Decline in autopsy rate has been a 
worldwide phenomenon during the last 
three or four decades. The number of 
clinical autopsies in particular has 
diminished. As the result, the total autopsy 
rate has also declined, whereas the number 
of medico-legal autopsies has been 
affected little, if at all. In the US (Morbid 
Mortal Weekly Review 1988), the overall 
autopsy rate declined from about 17% to 
about 14% during the period 1980 to 1985, 
due to the decline from 13 to 10% in the 
autopsy rate in natural deaths; a slight 
increase or slight fluctuation occurred in 
forensic deaths. And the same trend has 
continued: Sinard (2001), referring to 
national statistics in the US, reports a 
decline in overall autopsy rate from about 
12% in 1986 to 9.4% through 1994 and 
calculates the respective estimate for 
clinical autopsy decline to be from about 
8% to nearly 5%. The medical examiner 
(ME) autopsies accounted for a constant 
rate of about 4% throughout that time 
period. 
In a survey of autopsy rates in all 
German pathologic and medico-legal 
institutes in 1994 and 1999, Brinkmann et 
al. (2002) report a respective decline in 
clinical autopsy rate from about 4 to about 
3%. On the other hand, the medico-legal 
autopsy rate remained at about 2%. These 
are truly low rates when compared to other 
European countries; neighboring Austria 
had an overall autopsy rate as high as 
28.7% for the 10-year period 1991 to 2000 
(Waldhoer et al. 2003). 
 
 
Fig. 3.  Autopsy rates (%) in Finland in 1972 - 2003
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In the Nordic countries, the tendency 
has also been declining. In Denmark, a 
clinical autopsy decrease has been evident 
since 1970 (45%), to 35% in 1980 and to 
16% at the end of 1990 (Petri 1993); the 
medico-legal autopsy rate has been and is 
very low, around 2.5% in 1992 (Saukko 
1995). In Sweden, the clinical autopsy rate 
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 has declined from about 39% in 1970 to 
about 16% in 1993. At the same time, the 
medico-legal rate showed quite an even 
trend of 13 to 14% up to the year 1989, 
after which it has fallen to the level of 
about 6% (Saukko 1995, Lindström et al. 
1997). 
Although the declining trend has 
been similar worldwide, differences 
between countries still occur. In 1996, the 
proportion of total autopsies, not 
differentiating between clinical and 
medico-legal autopsies, of all deaths 
ranged from about 4% in Japan to about 
49% in Hungary (Penttilä et al. 1999). 
Saukko (1995), when comparing medico-
legal investigative systems and sudden 
deaths in Scandinavian countries, stated 
that total autopsy rates vary from country 
to country, Finland having the highest 
(31.1%) and Norway the lowest (10.6%) 
rate. However, the declining tendency in 
total or clinical autopsy rate or both was 
evident in all of them. In the same study, 
the number of deaths classified in the main 
category of “symptoms and ill-defined 
causes” of death (XVI, in the ICD-9) 
served as an indicator of the efficacy of 
COD determination and death 
certification. This indicator seemed to be 
inversely correlated with the autopsy rate, 
Finland, having the highest autopsy rate, 
had the lowest proportion of ill-defined 
causes of death. 
Institutional clinical autopsy figures 
in different kinds of hospitals and medical 
departments have most usually shown the 
same trend as the national rates: a definite 
decline. From Halifax, Nova Scotia, 
Canada, Wood and Guha (2001) describe 
the situation in a university department of 
pathology during 1987 to 1999: the clinical 
autopsy rate among in-hospital deaths 
declined from about 28% to about 16%, 
while the number of deaths reported to the 
ME increased from about 34% to 62%. In 
Paris, France, autopsy rate declined from 
15.4% to 3.7% in a university hospital 
during the 10-year period 1988 to 1997, 
with a similar decline also in other 
academic institutions in the country 
(Chariot 2000). Anderson and Hill (1989), 
however, in a study concerning 
departments of pathology in US 
universities, report that the frequency of 
autopsies, including not only university 
hospital deaths but also those from 
coroner/ME investigations and from other 
regional hospitals using the pathology 
services of the department, showed a very 
stable rate figure (30-31%) in the 8-years 
from 1981 to 1988. 
Autopsy rates for specific subsets of 
heart and vascular diseases (HVD) have 
also been clarified. Penttilä and Ahonen 
(1975), analyzing ante- and post-mortem 
examinations of decedents officially 
recorded to have died from degenerative 
heart diseases in Finland in 1968, observed 
that the total national autopsy index for 
diseases concerned was about 34% but 
declined significantly with advancing age. 
Four years later, in 1972, a little higher 
rate, about 40%, for deaths from IHD in 
middle age was reported (Romo et al. 
1982). From the US, Ahronheim et al. 
(1983) report autopsy rates for IHD deaths 
separately for non-ME cases and ME 
cases. Studies on the autopsy-rate trends in 
relation to different UCD (Lindström et al. 
1997) and for deaths from cerebro-
vascular diseases (CVD) also exist 
(Lanska 1993). 
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 2 Validity studies on the relation 
between medical death 
certification and underlying-
cause coding  
 
The validity of medical information on a 
death certificate depends, first, on the 
correctness of COD diagnoses determined 
after clinical information or post-mortem 
examinations, or both. In clinical 
situations, the best guarantee for the 
correct death certification inevitably is 
combined use of results of pre- and post-
mortem examinations; in forensic 
investigation, circumstances of death are 
also of importance. Second, the 
presentation of causes of death on the 
death certificate is prone to deficiencies 
and actual errors. Failure to specify 
accurately the disease/injury/condition 
causing the death, to describe adequately 
the circumstances of death, and to state 
correctly the causality between causes of 
death in Part I of the death certificate are 
among the typical inaccuracies in death 
certification according to Kelson and 
Farebrother (1987), and Jordan and Bass 
(1993). 
Autopsy results have been the “gold 
standard” of medical death certification in 
numerous studies, and the number of 
discrepancies between death certificates 
and autopsy diagnoses used as an indicator 
of the correctness of medical death 
certificate. Disagreement rates in these 
studies have been mostly in the range of 15 
to 40% at the main category level of ICD, 
with more delicate sub-grouping naturally 
adding to the total disagreements (Britton 
1974a, Britton 1974b, Asnaes and Paaske 
1980, Engel et al. 1980, Cameron and 
McGoogan 1981, Kircher et al. 1985, 
Battle et al. 1987, Hasuo et al. 1989, 
Nielsen et al. 1991, McKelvie 1993, 
Jordan and Bass 1993, Slater 1993, Veress 
and Alafuzoff 1994, Hjorth et al. 1995, 
Myers and Farquhar 1998, Sehdev and 
Hutchins 2001, Sinard 2001, Sington and 
Cottrell 2002). Due to declining national 
autopsy rates and the consequent selection 
bias, use of the autopsy standard for 
epidemiological purposes has caused 
controversy. The autopsy itself has, 
however, still addressed the clinical 
questions in 97% of cases (Veress and 
Alafuzoff 1994). 
In addition to or in conjunction with 
the autopsy standard, the completion of the 
medical portion of the certificate has been 
assessed by comparison of death certificate 
information with hospital or other medical 
records (Engel et al. 1980, Sundman et al. 
1988, Moussa et al. 1990, Iso et al. 1990, 
Goldacre 1993, Naruse et al. 1997, 
D’Amico et al. 1999), with information 
drawn from other informants like the next-
of-kin, attending physicians or medical 
examiners (Iribarren et al. 1998, Goraya et 
al. 2000, Coady et al. 2001), and with all 
available medical information (Benavides 
et al. 1989, Nuttens et al. 1990, Lloyd-
Jones et al. 1998, Iribarren et al. 1998, 
Goraya et al. 2000); and all this is usually 
reviewed by medical and nosological 
experts. Re-assessment of original death 
certificates (Lu et al. (a) 2001) or case 
vignettes (Lu et al. (b) 2001) also occurs. 
Assessments of the correctness of 
death certification for specific disease 
entities exists for heart and vascular 
diseases (Engel et al. 1980, Heliövaara et 
al. 1984, Sundman et al 1988, Hasuo et al. 
1989, Iso et al. 1990, Moussa et al. 1990, 
Nuttens et al. 1990, Tzoneva-Pentcheva et 
al. 1997, Naruse et al. 1997, Lloyd-Jones 
et al. 1998, Iribarren et al. 1998, Goraya et 
al 2000, Coady et al. 2001), malignant 
neoplasms (Kelson and Farebrother 1987, 
Mackenbach et al. 1987, Engel et al. 1980, 
Percy et al. 1981), pulmonary diseases 
(Mackenbach et al. 1987, Hunt et al. 
1993), rheumatoid arthritis (Lindahl 1984), 
diabetes (Moussa et al 1990, Balkau et al. 
1993), and deaths from external (Melinder 
and Andersson 1998) and ill-defined 
(D’Amico et al. 1999) causes. 
The validation of COD information 
for statistics by querying certifiers has 
been emphasized and assessed. In the US, 
national criteria for the COD query are 
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 published by the National Center for 
Health Statistics. In a survey of 50 states 
and two other registration areas by 
Hopkins et al. (1989), 29 areas fulfilled the 
minimum criteria, among them the state of 
Oregon where the efficacy of applied 
query policy was further assessed during a 
one-year period in 1986 to 1987: A total of 
2 453 (10.6%) of 23 238 death certificates 
queried for additional information resulted 
in new or more specific UCD data in 
56.1% of queries. These authors also point 
out the educational benefits of the query 
process, which they consider an effective 
means of informing physicians what 
information is being sought for reliable 
mortality statistics and why, and how to 
complete a death certificate. 
Hanzlick (1996), when presenting 
basic information on COD queries and 
ICD-9 coding rules, also discusses the 
relevance of queries and coding 
procedures in relation to the medical 
certification of causes of death. He 
concludes that when well-written 
statements reduce the need for queries and 
facilitate statistical coding, “certifiers 
should not use coding procedures to guide 
the writing of their COD statements.” 
While the routine use of medical 
expertise by statistics offices is common, 
no reports exist on the effect of the expert 
screening, prior to the coding, selection 
and registration of the UCD. However, 
constructed studies on the correctness and 
quality of original death certificates based 
on the use of medical expertise as the gold 
standard do exist (Benavides et al. 1989, 
Moussa et al. 1990). Observations like 
those by James and Bull (1996)—studying 
death certificates attributing death to 
malignancy—that the cancer found was 
certified in detail in only 23 of 89 cases, 
and the cause of renal failure was omitted 
in 75 of 95 cases, both imply a need for 
validation before statistical coding. 
The ICD-10 classifies 
diseases/injuries and their external 
causes/conditions into hierarchic subsets 
and individual categories in 20 (I-XX) 
main categories (Chapters) and gives rules 
for selection and possible modification of 
the UCD from among the reported causes 
on the certificate. Consequently, the final 
stage in the process from the findings to 
statistics, i.e., the selection and coding of 
the UCD by a statistician should in 
principle be non-problematic. In fact, some 
studies using sets of case histories to 
assess the accuracy and consistence in 
medical death certification and, at the 
same, its relations to subsequent statistical 
coding within and between countries, 
support this conclusion. A study on the 
effect of inaccuracies in death certification 
and coding on chronic obstructive 
pulmonary disease (COPD) (Kelson and 
Heller 1983) and cancer (Kelson and 
Farebrother 1987) in the then eight EEC 
countries found that inaccuracy and 
inconsistency in medical death 
certification is a greater problem than is 
incorrect coding. After coding at the 
national level, 83% of all death certificates 
in both studies and after coding at an 
international reference center, 82% in the 
first COPD study and 81% in the second 
cancer study detected the correct UCD. 
However, differences existed between 
countries. In only two countries (out of 
eight) in the COPD study and in one 
country in the cancer study, did the coding 
practices appear to implicate COD 
statistics, while four countries had 
errors/insufficiencies in certification. 
Mackenbach et al. (1987) have further 
analyzed these certification errors on the 
part of the Dutch material. They observed 
that about 20% of certificates in both 
studies were incomplete or inconsistent. 
Even in most of these cases, however, the 
statistical UCD could be selected and 
coded by application of WHO coding rules 
and with (re-)interpretation of the 
statements on the death certificate. 
In Australia and New Zealand, 
Leitch et al. (1987) also observed that 
deficiencies in death certification, not the 
coding process, explained at least some of 
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 the inter-state variation observed in IHD 
death rates. 
On the other hand, even the coding 
of some diseases has been observed 
inconsistent. Jougla et al. (1992) analyzed 
coding practices in nine European 
countries for deaths involving diabetes 
(DM) by comparing the national and 
central coding of a sample of 200 death 
certificates from each country, with DM in 
Part I or Part II of the certificate. They 
observed wide differences between 
national and central coding at the three-
digit code level; for 26% of all death 
certificates, national differences ranged 
from 15 to 40%. Most of the differences 
involved the association of DM and HVD. 
In some countries, the coding practices 
influenced the reported level of DM 
mortality, ranging from almost doubling to 
almost halving the cases after the central 
coding. Their conclusion was that coding 
differences seem to have a marked 
influence on European published national 
DM mortality. 
In order to investigate these national 
differences in Europe, Balkau et al. (1993) 
analyzed the certification and coding of 
causes of death of diabetic patients. A set 
of six case histories describing deaths from 
DM were circulated to a random sample of 
certifying physicians from eight countries 
for death certification. Clear differences 
occurred in the national coding of DM as 
the underlying cause of death, comparable 
with those of Jougla et al. (1992), ranging 
from an underregistration of almost 40% in 
one country to an overregistration of about 
80% in another. In that study, the 
certification habits of physicians were also 
clarified. Differences between countries 
appeared when compared with the 
reference UCD diagnosed by a group of 
experts and when judged by central-office 
re-coding. 
As to the effect of changes in coding 
practices on COD statistics, when 
assessing the genuineness of observed 
changes in mortality rates, Lindahl (1984), 
regarding reliability of Swedish mortality 
statistics for rheumatoid arthritis, observed 
that judgement of death certificate by 
coders played a decisive role in COD data 
collection. As the reason for this the author 
observed large proportion (31-36%) of 
inadequately completed certificates and 
insufficient guidance by international rules 
on classifying and coding causal 
statements on rheumatoid arthritis. 
Swerdlow (1989) emphasises that COD 
information derived from a subsequent 
enquiry to the certifier for further 
information can lead to substantial effects 
on secular mortality data if not done in 
consistent manner and at a constant level. 
Recently, Lu and Huang (2002) have 
assessed the extent of changes in the 
distribution of the subtypes of stroke after 
querying the certifiers and observed large 
gains of more specific information. They 
conclude that querying is a useful method 
to improve the quality of COD statistics, 
and that non-queried COD data are not 
suitable for type-specific analysis. 
In general, the ICD as such is a huge 
manual for different purposes (mortality, 
morbidity, factors influencing health status 
and contact with health services). It always 
is, to some extent, a compromise and may 
inspire differing interpretations; its 
construction, expanse, principles, and rules 
can be criticized and improvements 
proposed (Lindahl et al. 1990). Attention 
has also been focused upon the 
classification and coding of deaths from 
alcohol or drug poisoning, or both (Pollock 
et al. 1987, Hanzlick 1988, Bell and 
Cremona 1989, Girela et al. 1992, 
Melinder et al. 1998, Mäkelä 1999, 
Flanagan 2002). Little is known, however, 
of the coding and registration of the 
toxicologically defined fatal alcohol 
(Poikolainen 1977) and drug poisonings. 
Forensic toxicological data on alcohol or 
drug poisonings or both have not 
systematically been compared with official 
statistical data to assess how and to what 
extent statistical ICD rules, guidelines, and 
practices modify medico-legal “reality.” 
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 These observations on COD 
certification and coding make it feasible to 
strive for common international 
certification and coding practices to 
improve comparability of COD data. 
Within the European Commission, the 
recent project “Quality and comparability 
of European causes of death statistics” 
(Final Report, July 2001) has led to 39 
recommendations on death certification in 
order to improve its quality and inter-
country comparability.  
These recommendations are in 
accordance with WHO principles but 
endeavour to standardize national 
practices. 
 
Differences in COD determination, in 
death certification and in COD coding 
inevitably occur, however, due to differing 
definitions (Hanzlick 1997), human factors 
(Curb et al. 1983, Giersiepen and Greiser 
1989), and differences in national 
legislation and regulations (Mackenbach et 
al. 1987, Balkau et al. 1993) on which the 
practices are based. In short, the 
correctness and accuracy of coding is 
always dependent on the reliability of 
information on the medical death 
certificate and the accuracy and 
consistency of its contents provided by 
physicians (Johansson and Westerling 
2002). 
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 AIMS OF THE STUDY 
 
The aims of the study were to assess 
 
1) Use of autopsy in male deaths due to ischemic heart disease (IHD), in relation to all 
natural deaths (ND) and to cerebro-vascular deaths (CVD), as a determinant of the validity 
and reliability of cause-of-death (COD) statistics and of the decline observed in Finnish 
IHD mortality in the 1970’s and 1980’s (I), 
 
2) Effect of medical expert consultations (II) and of queries to the certifier (III), prior to 
statistical coding, selection, and registration of the underlying cause of death (UCD), on 
medical death certification data and COD statistics, 
 
3) Effect of UCD coding for statistics, according to ICD-10, on medico-legally determined 
and certified fatal alcohol and drug poisonings (IV, V). 
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 MATERIALS AND METHODS 
 
1 Exploitation of autopsy in 
natural deaths (I) 
 
For determining autopsy trends, nation-
wide annual data on male deaths from 
natural (“non-violent”) causes (ND), ICD-
9 codes 001-799, occurring between the 
ages of 35 and 84 (both ages included) 
from 1974 to 1993, came from Statistics 
Finland. These data were analyzed by age 
and by post-mortem examination method 
used (clinical autopsy, medico-legal 
autopsy or no autopsy) for ND overall and, 
separately, for deaths from ischemic heart 
disease (IHD), ICD-9 codes 410-414, and 
for deaths from cerebro-vascular disease 
(CVD), ICD-9 codes 430-438, as such and 
in relation to all ND. Age-groups were 35 
to 44, 45 to 54, 55 to 64, 65 to 74 and 75 to 
84, and were also summed up 35 to 64 
when referring to middle ages. 
 
2 Validation of death certificates at 
Statistics Finland (II-III) 
 
The material comprised all those 3 478 
death certificates in 1995 which were 
problematic for statistical coding or 
selection of the underlying cause of death 
(UCD), or both. Deaths under the age of 
one year were not included because the 
concept “UCD” has not been used for 
infants in Finland since 1987. The author 
examined every original death certificate 
and its processing at SF, and tabulated the 
following information: 
• gender 
• age at the end of the year of death. Four 
age-groups were formed: 1 to 34, 35 to 
64, 65 to 74, and 75 years and over. 
• province from which the certificate was 
issued 
• comprehensiveness of pre-mortem 
medical examinations: hospital with 
specialties, hospital/in-patient ward in 
primary health care, nursing home, or 
none or non-specified examination 
• autopsy and type: clinical, medico-
legal, or no autopsy 
• number of COD diagnoses (on queried 
certificates only): overall and separately 
in Part I and Part II of death certificate. 
• validating measures: query to the 
certifier and expert panel consultation, 
or both 
• ICD-9 code(s) for underlying cause of 
death (UCD), both code(s) initially 
given by the certifying physician (for 
“certified causes”) and code(s) finally 
assigned and registered at SF (for 
“registered causes”). 
 
Question(s) asked were presented in 
open-ended form and categorized 
beforehand into those on (1) certified UCD 
(the term then used for originating 
antecedent cause introduced in ICD-10) or 
the sequence of causes leading to death, or 
both, (2) UCD vs. certified contributing 
cause(s) of death, (3) UCD vs. notes 
provided in the free-text summary of the 
Finnish death certificate (see Appendix), 
and specification of (4) UCD or (5) 
contributing COD. 
During the study, the panel was 
composed of the statistician involved, the 
medical expert on duty, and senior 
statistician(s) and other statisticians. 
The correctness of death certificates 
and, conversely, the power of validation 
procedure(s), was assessed by comparing 
the certified originating COD with the 
finally registered UCD. This assessment 
was performed, with the registered UCD 
data as gold standard, at the main category 
level of the ICD-9, and for neoplasms 
(main category II), HVD (VII), and 
unnatural deaths (XVII) also according to 
selected subcategories. 
In addition to the main 
category/subcategory distribution, the 
following disease-specific categories were 
considered separately among queried 
certificates: diabetes mellitus (DM, ICD-9 
code 250) and cancer of the colon (153), 
rectum (154), liver (155), pancreas (157), 
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 lung (162), female breast (174), and 
prostate (185), as well as cancer with ill-
defined site (195), secondary cancer and 
cancer without specification of site (codes 
196-199), and lymphatic and 
hematopoietic malignancies (codes 200-
208). 
 
3 Fatal alcohol poisonings (IV) 
 
Material on medico-legally proven fatal 
alcohol poisonings comprised all cases 
recorded as such at the Forensic 
Toxicology Division (FTD) in 1997, after 
the final statement of the forensic 
examiner. The FTD register includes, 
among other data, the results of 
toxicological analyses and classification of 
death according to originating antecedent 
cause and manner of death stated in the 
copy of the death certificate or autopsy 
report sent to the FTD by the ME/forensic 
pathologist who requested toxicological 
investigation. In 1997, the FTD register 
covered a total of 1024 deaths from 
poisoning, including 369 fatal alcohol 
poisonings which after the correction to 
actual date of death (instead of date of 
examination) numbered 365. In addition, 
the national COD statistics included 36 
death certificates—based on other than 
post-mortem FTD examinations— in 
which acute alcohol poisoning was the 
reported originating cause. These were 
taken into account as proven alcohol 
poisonings and added as such to the 
medically verified poisoning material, now 
totaling 401 deaths. 
The 401 FTD cases were divided 
into two groups. The first comprised acute 
poisonings from alcohol alone, meaning 
with alcohol as the only toxicant 
mentioned on the death certificate as the 
cause of death, called here “pure alcohol 
poisonings” (Group “T51”), these 
numbering 356 (88.8%). The second FTD 
group included deaths determined by the 
ME/forensic pathologist to be due to acute 
alcohol poisoning in combination with 
some toxic drug, medicament or other 
biological substance (Group “Comb”), 
numbering 45 (11.2%). Calculations of 
blood alcohol concentration (BAC) (as per 
mille, weight/weight) were performed only 
in the cases examined at FTD. 
The SF part of the study material 
comprised all the deaths in 1997 with any 
of the ICD-10 poisoning codes X40 to X49 
(accidental), X60 to X69 and X85 
(intentional), Y10 to Y19 (undetermined 
intent) or T36-T65 (poisoning by drugs 
and by non-medicinal substances) either in 
Part I or Part II of the death certificate. 
These primary data totaled 1160 deaths 
from among which two groups were 
formed totaling 342 deaths: those 
registered with codes X45/T51 as due to 
alcohol poisoning (Group “X45”), 
numbering 275 (80.4%) deaths, and those 
considered as alcohol-dependence 
syndrome (henceforth “alcoholism”) with 
code F102 (Group “F102”), numbering 67 
(19.6%) deaths. The F102 was the only 
subcategory of F10, to which deaths 
reported as alcohol poisoning were 
reassigned at SF. 
In all these SF deaths, the age and 
gender of the deceased, date and place of 
the death, province from which the 
certificate was issued, ICD-10 codes and 
the status (underlying, direct or 
contributing) of all registered causes, and 
manner of death were tabulated. 
 
4 Fatal drug poisonings (V) 
 
This material comprised deaths in 1997 
from acute fatal drug poisoning based on 
forensic toxicological examination at FTD, 
totaling 500 cases. All drugs, legal and 
illegal and not only those with 
psychoactive or dependent characteristics, 
were included. Results of toxicological 
analysis (-es), a statement on their 
importance as the cause of death by the 
ME/forensic pathologist, age and gender of 
the deceased, type of autopsy, definition 
by ATC code and by ICD-10 codes of 
drug(s) considered as causal agent(s) of the 
death as well as the manner of death were 
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 registered and tabulated. This FTD data 
were compared with the COD data on the 
same deaths from SF. Apart from some 
general demographic variables (age and 
gender), the FTD part of the study material 
was analyzed according to the manner of 
death (accident, suicide, undetermined) 
and to drug-specific grouping (see Table 
20), and compared with information on the 
matched death certificates from SF, with 
the focus on agreement of medico-legal 
and statistical conclusions on cause and 
manner of death. 
 
5 Statistical methods  
 
Autopsy trends were analysed by 
calculating autopsy rates—the number of 
autopsied deaths in 100 deaths from the 
same disease entity—in the beginning, in 
the middle, and at the end of the study 
period. Three-year means were used to 
smooth out random variation. 
The chi-square heterogeneity test 
was used to test differences in proportions; 
the chi-square trend test served to evaluate 
time trends. For rates, 95% confidence 
intervals (CI 95%) based on Poisson 
distribution were calculated (Gardner, 
Gardner and Winter 1992). All reported 
values are based on two-sided tests, with 
no correction for continuity. P-values 
<0.05 were considered significant.  
The expected numbers (E1 and E2) of 
dichotomic quantities were calculated as 
E1=O1/(f1/f2), E2=O2/(f2/f1), where O1 and 
O2 are the observed numbers, and f1 and f2 
are the corresponding numbers in the 
reference population. 
Evaluation of the validation 
procedure was done by cross-tabulating 
certified and registered UCD in each ICD-
9 category used. Registered UCD data 
served as the gold standard. Agreement 
(=total match of certified and registered 
UCD), false-positive (FP, =UCD on death 
certificate not registered as UCD at the 
statistics) and false-negative (FN, =UCD 
finally registered at the statistics not 
certified as UCD on death certificate) 
certifications were counted, and the 
number of FN certifications related to 100 
registrations and the number of FP 
certifications to 100 certifications, for each 
category. Consequently, the difference 
between the numbers of FP certifications 
and FN certifications (“net change”) and 
its relation to the original certifications in 
the category describes the degree of 
overreporting when positive, and the 
degree of underreporting when negative. 
The impact on the whole national 
COD statistics of death certificate 
validation was assessed by relating the 
number of net changes to 100 deaths 
reported overall in the given category. 
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 RESULTS 
 
1 Trends in autopsy-based 
certification of deaths from 
natural causes (I) 
 
During the first half (1974-1983) of the 
study period (1974-1993), the total autopsy 
rate in male deaths from natural causes 
(ND) overall (ICD-9 codes 001-799) 
increased in all age-groups studied (Table 
2). This increase was significant in all age-
groups except that of the youngest (35-44 
years); in this group the rate, 64%, was 
already the highest in the beginning of the 
study period and was still increasing—to 
69%—to the end. In medico-legal autopsy 
practices, autopsy-based COD 
determinations (Table 3) showed nearly 
the same pattern, the increase in the 
youngest group even being significant. As 
regards clinical autopsy rates, no 
significant changes appeared in the age-
groups under 65, not even in the youngest 
where the decrease was marked, from 32% 
to 29% (Table 4); the oldest group (75-84 
years) showed a significant increase. 
During the second half (1984-1993) 
of the study period, a definitive but not 
significant decrease in total autopsy rate 
appeared in the groups aged from 35 to 64; 
in the two oldest groups, 65 to 74 and 75 
to 84 years of age, the decrease was 
significant. This overall decrease was due 
to a significant decrease in every age-
group of the clinical-autopsy category, a 
decrease for which the concomitant 
increase in the medico-legal autopsy 
category did not compensate. 
Autopsy rates were inversely related 
to increasing age of the deceased at every 
stage (beginning, middle, end) of the study 
period. 
1.1 Trends in autopsy-based 
certification of deaths from 
ischemic heart diseases (IHD) 
 
Concerning IHD diagnosis as underlying 
cause of death during the first half of the 
study period, overall use of autopsy 
increased significantly in all age-groups 
(Table 2). The increase was obvious both 
in medico-legal (Table 3) and clinical 
(Table 4) autopsy categories, and was 
significant for groups aged 45 to 54 and 55 
to 64 in the medico-legal and for the two 
oldest groups (65-74 and 75-84) in the 
clinical autopsy category. 
During the second half of the study 
period, the overall use of autopsy 
continued to increase in all middle-aged 
groups. In the age-groups of 45 to 54 and 
55 to 64 years, the autopsy rate increase 
was significant, as was the decrease in the 
oldest (75-84 years) group. In the medico-
legal category of autopsies, the trend 
pattern was much the same, whereas a 
definite decrease was observable at all 
ages in the clinical autopsy category; in the 
two oldest (65-74 and 75-84 years) groups 
the decrease was significant. 
Throughout the study period, 
autopsy rates decreased with advanced age 
of the deceased, overall and in the medico-
legal autopsy group. Clinical autopsy 
figures behaved otherwise showing a 
gentle reversed U-shaped age-dependence: 
the youngest and the oldest age-group had 
the lowest figures in the beginning, in the 
middle and at the end of the study period. 
Autopsy rates in deaths at the age of 35 to 
64 years were not affected to the same 
extent as were those in the overall category 
of natural deaths: the ratio of autopsy-
based IHD certifications to those of all ND 
(Table 5) increased steadily over the study 
period. 
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 Table 2
Total autopsy rates (number of autopsies /100 deaths; 95% CI in parentheses) for disease categories*; middle-aged male deaths
by 3-year mean at beginning, middle, and end of study period
Time period 35-44 years 45-54 years 55-64 years
IHD CVD ND IHD CVD ND IHD CVD ND
1974-76 63 68 64 50 60 50 41 38 38
(56.4-69.0) (57.1-78.1) (60.4-67.6) (47.3-53.2) (52.3-67.0) (47.4-51.6) (38.8-43.1) (32.7-43.0) (36.6-39.4)
1982-84 77 72 69 62 66 58 50 44 44
(70.6-82.6) (60.3-83.9) (64.8-72.3) (58.9-65.8) (58.6-74.7) (55.8-60.6) (47.3-52.0) (38.0-50.1) (42.3-45.4)
1991-93 85 62 67 73 55 57 56 35 43
(78.7-90.5) (49.8-73.7) (63.7-70.6) (69.2-77.1) (45.2-64.0) (54.6-59.6) (53.5-58.9) (29.2-40.9) (41.6-44.9)
*IHD, ischemic heart disease; CVD, cerebro-vascular disease; ND, natural (non-violent) deaths overall
Cl=confidence interval
 
 
Table 3
Medico-legal autopsy rates (number of autopsies/100 deaths; 95% CI in parentheses) for disease categories*; middle-aged male 
deaths by 3-year mean at beginning, middle, and end of study period
Time period 35-44 years 45-54 years 55-64 years
IHD CVD ND IHD CVD ND IHD CVD ND
1974-76 47 26 32 32 16 23 23 8 14
(40.0-53.0) (17.6-37.8) (28.2-35.2) (29.1-34.6) (10.8-21.9) (20.9-24.4) (20.9-24.6) (5.5-11.7) (13.0-15.1)
1982-84 56 35 39 41 25 31 28 13 19
(49.2-63.3) (23.1-48.4) (35.2-43.2) (37.3-44.3) (17.6-32.4) (28.6-33.1) (26.3-30.5) (8.6-16.8) (17.4-19.8)
1991-93 69 44 45 55 31 36 37 17 24
(60.9-76.1) (31.6-56.0) (41.8-49.2) (50.7-59.7) (21.9-39.2) (33.5-38.9) (34.5-39.7) (12.7-220) (22.4-25.3)
*IHD, ischemic heart disease; CVD, cerebro-vascular disease; ND, natural (non-violent) deaths overall
Cl=confidence interval
 
 
Table 4
Clinical autopsy rates (number of autopsies/100 deaths; 95% CI in parentheses) for disease categories*; middle-aged male 
deaths by 3-year mean at beginning, middle, and end of study period
Time period 35-44 years 45-54 years 55-64 years
IHD CVD ND IHD CVD ND IHD CVD ND
1974-76 16 42 32 18 44 27 18 30 24
(11.1-20.5) (31.8-54.7) (28.8-35.8) (16.1-20.7) (35.8-50.7) (25.0-28.7) (16.5-19.9) (24.8-34.5) (22.7-25.2)
1982-84 20 38 29 21 41 27 21 31 25
(14.6-26.0) (26.1-51.8) (25.7-33.1) (18.6-24.4) (33.3-50.1) (25.1-29.5) (19.4-23.2) (25.3-36.5) (23.9-26.6)
1991-93 16 19 22 18 24 21 19 18 19
(10.1-22.1) (10.4-30.1) (18.6-24.7) (14.5-21.4) (16.0-32.1) (19.1-23.2) (17.0-21.3) (13.0-22.4) (18.1-20.7)
*IHD, ischemic heart disease; CVD, cerebro-vascular disease; ND, natural (non-violent) deaths overall
Cl=confidence interval
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 Table 5
Ratio of autopsied male deaths from IHD* and CVD to those from among all
natural deaths, in beginning, middle, and end of study period
Age (yrs) IHD CVD
1974-76 1982-84 1991-93 1974-76 1982-84 1991-93
35-44 0.98 1.12 1.27 1.07 1.05 0.93
45-54 1.02 1.07 1.28 1.21 1.14 0.96
55-64 1.08 1.13 1.31 1.00 1.00 0.81
*IHD, ischemic heart disease; CVD, cerebro-vascular disease  
 
 
 
1.2 Trends in autopsy-based 
certification of deaths from 
cerebro-vascular diseases (CVD) 
 
During the first half of the study period, 
the total rate of autopsy-based CVD 
diagnoses (Table 2) increased in all age-
groups, even if not significantly. The same 
was true for rates in the medico-legal 
autopsy category (Table 3), and in the age-
group 55 to 64 years (and older) in the 
clinical autopsy category (Table 4). The 
two youngest groups in the clinical 
autopsy category showed a tendency to 
decrease, although a non-significant one. 
During the second half of the study 
period, the rate of autopsy-based COD 
diagnoses decreased in all age-groups, 
overall and in the clinical autopsy 
category, becoming significant after the 
ages of 75 and 45 years, respectively. In 
the medico-legal autopsy category, the 
trend was toward a moderate increase up 
to the age of 64. 
Autopsy rates were inversely related 
to age of the decreased throughout the 
study period, clinical autopsy rates after 
the age of 45 years or more, at all three 
stages of the study period. 
The ratio of autopsy-based CVD 
certifications to those for all natural deaths 
decreased in all age-groups over the study 
period (Table 5), in the group of 55 to 64 
during the second half. 
The main observations from this first 
part of the present study are that while 
autopsy is less and less often used for 
natural deaths overall and especially for 
deaths from CVD, the autopsy-based 
certification of male deaths from IHD has 
not decreased for those of working age and 
is even more and more frequent at young 
ages and in the medico-legal COD 
investigation system. 
 
2 Validation of medical death 
certificate information (II-III)  
 
In 1995 in Finland, 49 074 death 
certificates, 3 478 (7.1%) proved to be 
insufficient or inconsistent as regards 
classification and coding of the UCD 
according to the ICD regulations and rules, 
and were sent for further validation by the 
then existing medico-nosological expert 
panel. Regional differences occurred, the 
validation rate ranging from 5.9% to 
13.7%. Consequently, about 93% of all 
national death certificates in 1995 were 
generally fit for statistical classification 
and coding. 
In this study material, females were 
4% more than expected, based on the 
gender distribution among all registered 
deaths in Finland in 1995. This was due to 
deaths under 35 years of age and, to a 
lesser degree, to deaths in the age-group 35 
to 64 years. In males and overall, the 
oldest age-group, 75 and over, was the 
only one overrepresented. 
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 Autopsy-based death certificates 
among validated vs. all certificates were 
relatively more frequent, 34.2% vs. 30.8%, 
due to overrepresentation of clinical 
autopsies (19.1% vs. 12.2%), medico-legal 
autopsies being underrepresented with 
15.1% to 18.6%; the ratio of certificates 
based on clinical autopsy to those based on 
medico-legal autopsy were, overall and in 
males, about 2 fold and in females 1.6 fold 
as great among validated certificates as 
among all death certificates (Table 6). 
Clinical autopsy-based certificates were in 
clear excess and medico-legal certificates 
underrepresented among certificates 
requiring additional clarification in both 
genders and overall (Table 7); total 
autopsy-based death certificates were thus 
more than expected among female deaths 
(+23.8%) and deaths overall (+11.1%), 
while male certificates were less (-13.5%) 
than expected. 
Hospital examinations during life 
provided COD information for about 84% 
of the study deaths: within specialized 
health care for about 63% and primary 
care for 21%. 
Among the 3 478 certifications 
validated, the overall agreement rate was 
71.4% (2 483 certifications). The number 
of certifications and registrations as well as 
the number and frequency of FP and FN 
certifications for each category are 
presented in Table 8. Categories with the 
lowest FP frequency were malignant 
neoplasm (6.3%), circulatory diseases 
(17.5%), and digestive diseases (17.9%), 
and those with the highest ill-defined 
conditions (74.5%), mental disorders 
(63.5%), and neoplasm with uncertain 
behavior (62.0%). Categories with the 
lowest FN certification frequency were ill-
defined conditions (9.8%), and circulatory 
(20.3%) and respiratory diseases (23.3%), 
while the endocrine disease category, in 
practice diabetes, exposed the highest FN 
certification rate, about 60%. 
The net change for a given category 
after validation describes the degree of 
over- or underreporting of 
diseases/injuries/conditions for that 
category; FN and FP certifications more or 
less neutralize each other, independent of 
how wide the range. In the study material, 
significant overreporting (Table 9) 
occurred in ill-defined conditions (71.7%) 
and neoplasm with uncertain behavior 
(46.3%). Significant  
 
Table 6 
Number of all death certificates and death certificate validations in Finland in 1995, by gender and type of autopsy,
 (autopsies per 100 deaths)
Gender All death certificates Death certificate validations
Deaths Clinical Medico-legal Autopsy All autopsies Deaths Clinical Medico-legal Autopsy All
autopsy autopsy ratio* autopsy autopsy  ratio* autopsies
Males 24 143 3 118 (12.9) 6 525 (27.0) 0.48 9 643 (39.9) 1 643 330 (20.1) 327 (19.9) 1.01 657 (40.0)
Females 24 931 2 860 (11.5) 2 618 (10.5) 1.09 5 478 (22.0) 1 835 336 (18.3) 198 (10.8) 1.70 534 (29.1)
Both sexes 49 074 5 978 (12.2) 9 143 (18.6) 0.65 15 121 (30.8) 3 478 666 (19.1) 525 (15.1) 1.27 1191 (34.2)
*Ratio of clinical to medico-legal autopsies  
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Table 7
Observed (O) and expected* (E) number of death certificate validations by gender and type of autopsy
Gender Death certificate In clinical autopsies In medico-legal In all autopsies
validations autopsies
O E O/E¹ O E O/E¹ O E O/E¹ O E O/E¹
Males 1 643 1 711 -4.0 330 212 +55.3 327 445 -26.4 657 760 -13.5
Females 1 835 1 767 +4.0 336 279 +20.5 198 255 -22.4 534 431 +23.8
Both sexes 3 478  -  - 666 471 +41.4 525 720 -27.1 1 191 1 072 +11.1
*Based on number of all registred deaths
¹Ratio of observed to expected deaths x 100  
 
 
Table 8
False-positive and false-negative certifications in the ICD-9 main category on death certificates 
validated (II+III); subcategories for neoplasms and circulatory diseases
Category Certifica- Registra- FP FN
tions tions certifications¹ certifications¹
n n n % n %
0 No diagnosis 11 0 11 100 0 -
I Infectious/parasitic 155 138 53 34.2 36 26.1
II1 Neoplasms, malignant 413 555 26 6.3 168 30.3
II2 Neoplasms, benign 11 14 3 27.3 6 42.9
II3 Neoplasms, unspecified 108 58 67 62.0 17 29.3
III Endocrine/metabolic 79 139 23 29.1 83 59.7
V Mental disorders 104 78 66 63.5 40 51.3
VI Nervous system 111 89 55 49.5 33 37.1
VII Circulatory 1 280 1 325 224 17.5 269 20.3
VII1 Rheumatic heart disease 5 23 0 0 18 78.3
VII2 Hypertensive disease 34 57 15 44.1 38 66.7
VII3 Ischemic heart disease 290 490 75 25.9 275 56.1
VII4 Pulmonary circulation disease 204 99 109 53.4 4 4.0
VII5 Other heart diseases 394 297 202 51.3 105 35.4
VII6 Cerebro-vascular disease 186 235 76 40.9 125 53.2
VII7 Arterial disease 96 76 48 50.0 28 36.8
VII8 Venous disease 71 48 31 43.7 8 16.7
VIII Respiratory 433 317 190 43.9 74 23.3
IX Digestive 223 281 40 17.9 98 34.9
X Genitourinary 141 131 48 34.0 38 29.0
XIII Musculoskeletal 39 60 12 30.8 33 55.0
XVI Ill-defined conditions 145 41 108 74.5 4 9.8
Other² 61 46 34 55.7 19 41.3
XVII Injury and poisoning 164 206 35 21.3 77 37.4
Total 3 478 3 478 995 28.6 995 28.6
¹False-positive certifications, number (n) and % (=n/100 certifications); false-negative certifications,
number (n) and % (=n/100 registrations)
²Blood organs (IV), Pregnancy (XI), Skin (XII), Congenital anomalies (XIV)  
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 Table 9
Degree of over-/underreporting in the ICD-9 main category on death certificates 
validated (II+III); subcategories for neoplasms
Category Certifi- Registra- Agree- FP¹ FN¹ Over-/under 
cations tions ments reporting
n n n n n n %
0 No diagnosis 11 0 0 11 0 11 100
I Infectious/parasitic 155 138 102 53 36 17 11.0
II1 Neoplasms, malignant 413 555 387 26 168 -142* -34.4
II2 Neoplasms, benign 11 14 8 3 6 -3 -27.3
II3 Neoplasms, unspecified 108 58 41 67 17 50* 46.3
III Endocrine/metabolic 79 139 56 23 83 -60* -75.9
V Mental disorders 104 78 38 66 40 26 25.0
VI Nervous system 111 89 56 55 33 22 19.8
VII Circulatory 1 280 1 325 1 056 224 269 -45 -3.5
VIII Respiratory 433 317 243 190 74 116 26.8
IX Digestive 223 281 183 40 98 -58 -26.0
X Genitourinary 141 131 93 48 38 10 7.1
XIII Musculoskeletal 39 60 27 12 33 -21 -53.8
XVI Ill-defined conditions 145 41 37 108 4 104* 71.7
Other³ 61 46 27 34 19 15 24.6
XVII Injury and poisoning 164 206 129 35 77 -42* -25.6
Total 3 478 3 478 2 483 995 995 - -
¹FP, false-positive certifications; FN, false-negative certifications
²Number of over-/underreportings divided by number of certifications x 100 
³Blood organs (IV), Pregnancy (XI), Skin (XII), Congenital anomalies (XIV)
*Significant change at the 95% level
²
 
 
underreporting was evident in endocrine 
diseases (75.9%), malignant neoplasms 
(34.4%), and the category of injury and 
poisoning (25.6%). Diseases in the most 
numerous category, HVD, were also 
underreported in the study material but 
only with 3.5%. However, when the main 
category of HVD is divided into the eight 
ICD-9 subcategories (Table 10), and these 
are matched with each other and with all 
other categories, the number of 
disagreements increases. Among 
subcategories, rheumatic and ischemic 
heart diseases as well as hypertensive 
diseases were significantly underreported 
and both pulmonary circulation and 
venous diseases overreported 
In all, 665 (19.1%) of the 3478 death 
certificates evaluated by the expert panel 
could not be settled on the basis of 
information given on them but needed 
further queries from the certifier. The most 
common reasons for querying, as seen in 
Table 11, were verification (about 58%) 
and specification (about 32%) of the UCD. 
Demographic features in this query group 
differed from those in the whole study 
material in some respects. The age-group 
35 to 64 in males, females, and overall 
showed a significant underrepresentation. 
The youngest female group (1-35 years) 
was only half as frequent as expected by 
the number of all validated certificates; 
case numbers were, however, small (3 of 
29). As regards the type and extent of 
medical examinations during life (Table 
12), death certificates based on specialty 
hospital examinations were significantly 
underrepresented among queried 
certificates, whereas primary health care 
wards and other institutions were 
significantly overrepresented as well as 
certificates short of any information on 
COD-providing examination(s). Those 
dying with no previous medical 
examinations  
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 Table 10 
Degree of over-/underreporting in the given ICD-9 subcategory for circulatory diseases among 
death certificates validated (II+III)
Category Certifi- Registra- Agree- FP¹ FN¹ Over-/under 
cations tions ments reporting
n n n n n n %²
VII1 Rheumatic heart disease 5 23 5 0 18 -18* -360.0
VII2 Hypertensive disease 34 57 19 15 38 -23* -67.6
VII3 Ischemic heart disease 290 490 215 75 275 -200* -69.0
VII4 Pulmonary circulation disease 204 99 95 109 4 105* 51.5
VII5 Other heart diseases 394 297 192 202 105 97 24.6
VII6 Cerebro-vascular disease 186 235 110 76 125 -49 -26.3
VII7 Arterial disease 96 76 48 48 28 20 20.8
VII8 Venous disease 71 48 40 31 8 23* 32.4
Total 1280 1325 724 556 601 -45 -3.5
*Significant change at 95% level
¹FP, false-positive certifications; FN, false-negative certifications
²Number of over-/underreportings divided by number of certifications x 100  
 
 
Table 11
Inadequacies/discrepancies on death certificate by objective of query
Objective n %
Verification of underlying cause of death (Ic) and 
its complications (Ib, Ia):
from among reported
Ic-Ib-Ia 271 26.2
contributing causes (II)/free-text summary 49 4.7
Time intervals 11 1.1
Manner of death/E-code/summary 40 3.9
Symptom/functional disorder/anatomic change 
as sole reported cause (in part I) 169 16.4
Indication for certified examination/therapy 19 1.8
Other 44 4.3
Subtotal 603 58.4
Specification of underlying cause of death
Type of neoplasm  53 5.1
Primary site of malignant neoplasm 54 5.2
Etiology of heart valve disorder 52 5.0
Other 166 16.1
Subtotal 325 31.5
Specification of contributing cause of death 105 10.2
Total 1033 100.0
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 Table 12
Queried certificates in relation to all panel certificates by institution
providing information during life
Clinical examination n/n % O/E¹
(95% CI)
Hospital 552/2 912 19.0 0.99
(17.5-20.4)
Hospital/specialized health care 361/2 181 16.6 0.87*
(15.0-18.1)
Hospital/primary health care 191/731 26.1 1.37*
(22.9-29.3)
Other institution 57/199 28.6 1.50*
(22.4-34.9)
No examination in lifetime 34/307 11.1 0.58*
(7.6-14.6)
Not known 22/60 36.7 1.92*
(24.6-50.1)
Total 665/3 478 19.1 1.00
(17.8-20.4)
¹Ratio of observed (O) to expected (E) numbers of certificates 
*Statistically significant difference at the 95% level
CI=confidence interval
 
 
also had significantly fewer death 
certificates in this queried portion of study 
material. According to the type of COD-
providing post-mortem examination (Table 
13), death certificates based on autopsy 
were significantly underrepresented, due 
unambiguously to death certification by a 
medico-legal specialist, i.e. ME/forensic 
pathologist after medico-legal autopsy. 
Diabetes and 10 specific malignant 
disease categories were separately 
examined as to the need for further query 
and as to its consequences. Excluding the 
categories of < 10 certificates, i.e., those 
for pancreatic and rectal cancer, the two 
most frequently queried diseases were 
hepatic cancer and pulmonary cancer, and 
concerned most usually the type (primary 
or secondary) of the neoplasm. Breast 
cancer, diabetes, and 
secondary/unspecified malignancies were 
most infrequently queried disease entities, 
in about 9 to 10% of panel cases; adequate 
information for the expert panel to resolve 
the existing problem was displayed on the 
death certificate, or the lack of further 
information was explicitly stated. As 
regards the consequences of  
 
Table 13
Queried certificates in relation to all panel certificates by
type of cause-of-death examination
Examination n/n % O/E¹
(95% CI)
Autopsy 167/1 191 14.0 0.73*
(12.0-16.0)
Clinical 118/666 17.7 0.93
(14.8-20.6)
Medico-legal 49/525 9.3 0.49*
(7.0-12.2)
No autopsy 494/2 277 21.7 1.13*
(20.0-23.4)
Not known 4/10 40.0 2.09
(12.2-73.8)
Total 665/3 478 19.1 1.00
(17.8-20.4)
¹Ratio of observed (O) to expected (E) numbers among
 queried certificates
*Statistically significant difference at the 95% level
CI=confidence interval
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 querying, the diabetes category gained the 
most, 12 deaths, as the number of cases 
rose from 5 to 17. Among malignancies, 
primary pulmonary cancer gained 7 deaths, 
an increase from 5 to 12 deaths. In 
practice, only the number of primary 
hepatic cancers decreased, by 4 deaths, 
from 9 to 5. When compared with the 
corresponding number in national COD 
statistics (Causes of Death, 1996), the 
changes were overall quite small. The 
number for diabetes, however, increased 
(from 554 to 566) by 2.2% and that of 
primary hepatic cancer decreased (from 
258 to 254) by 1.6%. The number of 
pulmonary cancer increased by only 0.4%, 
from 1873 to 1880. Cases in other cancer 
categories increased by about 0.2 to 0.3% 
as the result of querying. 
Table 14 presents the impact of 
overall (expert panel+query) death 
certificate validation on the Finnish 
national COD statistics in 1995. All 
certificates primarily without any medical 
information on cause and manner of death 
could be classified after validation into 
specific ICD categories. Significant 
changes also occurred in the combined 
category of benign and unspecified 
neoplasm, where a decrease of 47 deaths  
 
Table 14
Impact of death certificate validation on the Finnish cause-of-death statistics in 1995
ICD-9 category Certifi- Registra- Impact²
cations tions¹
n n n % 95%
0 No diagnosis 11 0 -11 -100 -71.5,-100
I Infectious/parasitic 406 389 -17 -4.2 -2.5,-6.6
II1 Neoplasm, malignant 9 900 10 042 142 1.4 1.2,1.7
II2-3 Neoplasm, benign or unspecified 310 263 -47* -15.2 -11.2,-19.2
III Endocrine/metabolic 583 643 60 10.3 7.8,12.8
V Mental disorders 2 010 1 984 -26 -1.3 -0.8,-1.9
VI Nervous system 1 044 1 022 -22 -2.1 -1.3,-3.2
VII Cardiovascular 23 434 23 479 45 0.2 0.1,0.3
VII
 CI
1Rheumatic heart disease 53 71 18 34.0 21.5,48.3
VII2Hypertensive disease 334 357 23 6.9 4.4,10.2
VII3Ischaemic heart disease 13 469 13 669 200 1.5 1.3,1.7
VII4Pulmonary circulation disease 279 174 -105* -37.6 -31.9,-43.3
VII5Other heart diseases 2 038 1 941 -97 -4.8 -3.9,-5.8
VII6Cerebro-vascular disease 6 148 6 197 49 0.8 0.6,1.0
VII7Arterial disease 967 947 -20 -2.1 -1.3,-3.2
VII8Venous disease 146 123 -23 -15.8 -9.8,-21.7
VIII Respiratory 3 877 3 761 -116 -3.0 -2.5,-3.6
IX Digestive 1 883 1 941 58 3.1 2.4,4.0
X Genitourinary 595 585 -10 -1.7 -0.8,-3.1
XIII Musculoskeletal 239 260 21 8.8 5.5,13.1
XVI Ill-defined conditions 270 166 -104* -38.5 -32.7,-44.3
Other³ 185 170 -15 -8.1 -4.6,-13.0
XVII Injury and poisoning 4 327 4 369 42 1.0 0.7,1.3
Total 49 074 49 074
¹Statistics Finland, Causes of Death, published in 1997
²Number (n) and % (=n/100 certifications) of changes between certified and registered  
 underlying causes of death
³Blood organs (IV), Pregnancy (XI), Skin (XII), Congenital anomalies (XIV)
*Signifcant change at 95% level
CI=confidence interval  
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 occurred (impact rate -15.2%), in the 
category of pulmonary circulation disease 
(a decrease of 105 deaths, impact rate 
-37.6%) and in ill-defined conditions (a 
decrease of 104 deaths, impact rate 
-38.5%). Otherwise, numbers of changes 
ranged from an increase of 200 deaths 
(impact rate 1.5%) in the IHD category to 
a decrease of 116 deaths (impact rate 
-3.0%) in respiratory diseases. 
 
3 Medico-legally proven fatal 
poisonings and cause-of-death 
statistics (IV and V) 
 
3.1 Fatal alcohol poisonings (IV) 
 
In the groups referred to as alcohol 
poisoning, i.e., medico-legal groups “T51” 
and “Comb”, and group “X45” from the 
mortality statistics, no significant 
differences appeared among general 
demographic variables, age and gender. 
The group “F102” (alcoholism) of the 
mortality statistics, on the other hand, 
differed from the other groups with a male 
predominance of 88.1%, compared with 
81.8% on average for all three alcohol-
poisoning groups. 
Ethanol was the principal alcohol 
component in fatal alcohol poisonings, in 
93.8%, 95.6%, and 96.0% in the study 
groups “T51”, “Comb” and “X45”, and in 
the “F102” group in 89.6% of cases. 
Consequently, fatal poisonings from 
surrogate alcohols (methanol and 
isopropanol) were much more frequent in 
the group “F102” than in the others. 
In the statistics, every death in the 
group “Comb,” i.e. all deaths where the 
ME reported alcohol to be the most 
important toxic component in a combined 
alcohol-drug poisoning, has been 
reassigned, mostly to the drug-poisoning 
category. In the study year 1997, this 
coding practice was, in about one-third of 
the cases, responsible for the 
underrepresentation of fatal alcohol 
poisonings in the official mortality 
statistics; the remaining two-thirds were 
due to the reassignment of medico-legal 
alcohol poisonings of the group “T51” to 
some other ICD-10 category (mostly F102, 
alcoholism) than that of alcohol poisoning 
(X45/T51). 
Distribution of the 356 medico-
0legally verified and reported deaths from 
alcohol poisoning and their classification 
at SF are shown in Table 15. Overall, SF 
agreed with the certified underlying cause 
of death in 275 (77.2%) alcohol 
poisonings. Most (61 out of 81 cases, 
75.3%) of the statistical reassignments 
were to the category of alcoholism (F102) 
and alcoholic liver diseases (K700-K703), 
i.e., to categories of natural death. Of 
medico-legal alcohol poisonings, 19 
(5.3%) were re-coded as poisonings from 
some concomitant (reported in death 
certificate’s Part II or free-text summary) 
drug component, most usually from 
category X41 (Accidental poisoning by 
antiepileptic, sedative-hypnotic, 
antiparkinsonism, and psychotropic drugs). 
One death was classified as accidental, due 
to hypothermia. Ethanol poisoning had the 
highest agreement rate, 75.7%, its 
reassignment pattern being much the same 
as for alcohol poisonings overall: 15.9% to 
the natural deaths (categories F102 or 
K700-703) and 5.1% to some drug 
poisoning category. Methanol poisonings 
amounted to 20; eight of these (40%) were 
reassigned, mostly to F102. The two 
isopropanol poisonings were both 
reclassified, one as alcoholism and the 
other as drug poisoning from category 
X41, both mentioned as a contributing 
cause of death in Part II of the death 
certificate. 
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 Table 15
Coding at Statistics Finland of toxicologically proven different acute alcohol poisonings (group "T51"), (% within 
each alcohol poisoning category)
Poisoning by Agree- Disagree- Re-assignment* of original disagreements to Total
ments ments of “T51"
F102 K700 K702-3 X31 X41 X42 X61
Ethanol (T510) 263 71 45 6 2 1 14 2 1 334
(78.7) (21.3) (13.5) (1.8) (0.6) (0.3) (4.2) (0.6) (0.3) (100.0)
Methanol (T511) 12 8 6 1 0 0 0 0 1 20
(60.0) (40.0) (30.0) (5.0) (0.0) (0.0) (0.0) (0.0) (5.0) (100.0)
Isopropanol (T512) 0 2 1 0 0 0 1 0 0 2
(0.0) (100.0) (50.0) (0.0) (0.0) (0.0) (50.0) (0.0) (0.0) (100.0)
Total (T51) 275 81 52 7 2 1 15 2 2 356
(77.2) (22.8) (14.6) (2.0) (0.6) (0.3) (4.2) (0.6) (0.6) (100.0)
*F102 for chronic alcoholism; K700 alcoholic fatty liver; K702-3 alcoholic fibrosis and cirrhosis of liver; X31 exposure 
to excessive natural cold; X41 accidental poisoning by antiepileptic, sedative-hypnotic, antiparkinsonism, and 
psychotropic drugs; X42 accidental poisoning by narcotics and psychodysleptics (hallucinogens); X61 intentional 
self-poisoning by drugs of the category X41
 
 
 
Table 16
Blood alcohol concentration (BAC) in ethanol 
poisonings, by study grouping¹
Group¹ Cases BAC²
n Range Mean Median
T51 298 0.7-12 3.4 3.4
Comb 43 0.3-4.0 2.7 2.9
X45 227³ 0.7-8.6 3.3 3.3
F102 45  2.1-5.6 3.7 3.7
¹T51=medico-legally pure alcohol poisonings; Comb=
 medico-legally poisonings by alcohol and other 
 toxicant(s); X45=alcohol poisonings in cause-of-
 death statistics;  F102=medico-legally proven alcohol 
 poisonings assigned to disease categories at 
 Statistics Finland
²Weight by weight
³Only cases examined at FTD (Forensic Toxicology
 Division, University of Helsinki)  
 
 
 
 
Severity of ethyl alcohol intoxication 
is designated as the post-mortem BAC 
value, presented in Table 16 for each study 
group. The mean and median BAC in the 
two pure alcohol-poisoning groups (“T51” 
and “X45”) did not differ from each other: 
3.4 and 3.3 per mille (weight/weight). 
Group “F102” showed higher 
mean/median BAC value (3.7 per mille) 
than did either primary alcohol-poisoning 
group. BAC values were lowest in the 
group “Comb”—the mean of 2.7 and 
median of 2.9 per mille—indicating to the 
increased toxicity of alcohol-drug 
combination, explained by additive or 
synergistic effect of the components in 
combined poisoning. 
 
3.2 Fatal drug poisonings (V) 
 
In 1997 in Finland, medico-legally proven 
fatal drug poisonings numbered 500, 300 
(60%) males and 200 (40%) females, a 
gender ratio (M/F) being 1.5. Distribution 
of cases by manner of death and according 
to number of concomitant toxicants is 
presented in Tables 17 and 18. 
 
 47
 Table 17
Drug poisonings by gender and manner of death;
distribution (%) between manner-of-death categories
Gender Accident Suicide Undetermined Total
n n n n
Total 99 325 76 500
(19.8) (65.0) (15.2) (100)
Males (M) 62 187 51 300
(20.7) (62.3) (17.0) (100)
Females (F) 37 138 25 200
(18.5) (69.0) (12.5) (100)
M/F ratio 1.7 1.4 2.0 1.5
 
 
Males dominated in all manner-of-
death classes, but most in undetermined 
deaths and accidents, with the M/F ratios 
2.0 and 1.7 (Table 17). Suicides were the 
most usual category for both genders. 
Poisonings from one drug only 
occurred in 32.8% of cases, with M/F ratio 
1.7 (Table 18); consequently, the majority 
(67.2%) of poisonings was due to multiple 
toxicants. In females, poisonings in the 
category of  “>1 drug” were most 
numerous, in males one-drug poisonings 
had a slight edge. The distribution of 
poisonings in relation to the alcohol/no 
alcohol component was similar in both 
genders; the pure drug groups represented 
66.7% of male and 67.0% female drug 
poisonings, and consequently, for alcohol 
cases 33.3% and 33.0%. The M/F ratio 
was greatest (1.7) in the one-drug category 
and lowest (1.3) in the group “>1 drug.” 
 
Table 18
Drug poisonings by gender and number of toxicants; distribution (%)
between groups by number of toxicants
Gender 1 drug >1 drug 1 drug and >1 drug and Total
alcohol alcohol
n n n n n
Total 164 170 89 77 500
(32.8) (34.0) (17.8) (15.4) (100)
Males (M) 103 97 53 47 300
(34.3) (32.3) (17.7) (15.7) (100)
Females (F) 61 73 36 30 200
(30.5) (36.5) (18.0) (15.0) (100)
M/F ratio 1.7 1.3 1.5 1.6 1.5
 
 
Table 19
Manner-of-death reassignments of medico-legally proven fatal drug poisonings by number of toxicants
Number of toxicants Certifica- Re-assignments Re-assignments to
tions accidents suicides mental disorders² other diseases
n n %¹ n %¹ n %¹ n %¹ n %¹
One drug 164 45 27.4 33 20.1 1 0.6 6 3.7 5 3
>1 drug 170 21 12.4 14 8.2 0 0.0 6 3.5 1 0.6
One drug and alcohol 89 20 22.5 19 21.3 0 0.0 1 1.1 0 0.0
>1 drug and alcohol 77 16 20.8 13 16.9 2 2.6 1 1.3 0 0.0
Total 500 102 20.4 79 15.8 3 0.6 14 2.8 6 1.2
¹Number of reassignments divided by number of certifications x100.
²Due to psychoactive-substance use (from F10-F19 in ICD-10).  
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 The manner-of-death reassignments 
(at SF) of fatal drug poisonings reported 
(by ME) are presented in Table 19 by 
number of verified toxicants. The overall 
reassignment rate was 20.4%; the 
transition was greatest to the accident 
category and to that of mental disorders 
due to psychoactive substance use, 79 
(15.8%) and 14 (2.8%) cases. The most 
fragile category was that of one drug 
(reassignment rate 27.4%), and the most 
stable that of more than one drug 
(reassignment rate 12.4%). 
In Table 20, the material is arranged 
according to the drug-specific grouping. 
The most numerous drug-specific group 
was that of neuroleptics, with 145 cases 
that made up 29.1% of poisonings, 
followed by antidepressants with 127 cases 
(25.5%), and opioids with 88 deaths 
(17.7%). The mismatch as to manner of 
death between medico-legally reported 
drug poisonings and the final registration 
at SF reached 100 deaths, 20.1% of all 
forensic toxicologically verified 
poisonings. Most of these deaths (80) were 
reassigned to some other unnatural death 
category, but altogether 20 (one fifth) to 
some disease category, i.e., to natural 
deaths. As shown in the table, half (10) of 
these “natural deaths” derived from the 
poisoning group “Opioids,” with an overall 
reassignment rate of 21.6. Even greater 
was the reassignment for the groups of 
antidiabetics (rate 29.4), antiepileptics 
(27.3), amphetamines (33.3, with only 
three cases, however), and that of other 
drugs (33.3). 
 
3.2.1 Accidental drug poisonings 
 
Medico-legally proven accidental drug 
poisonings numbered 99, 19.8% of all fatal 
drug poisonings. The mean age at the time 
of death was 46 years, for males 39.4 
(range 18-65) and for females 57.1 (range 
29-92) years. 
 
 
Table 20
Manner-of-death reassignments of medico-legally proven fatal drug poisonings by verified drug¹
Drug Certifi- Reassignments Reassignments (n) to 
cations
accidents suicides natural causes
n n %² n %² n %² n %²
Antidiabetics 17 5 29.4 5 29.4
Cardiovascular drugs 38³ 7 18.4 7 18.4
Opioids 88 19 21.6 8 9.1 1 1.1 10 11.4
Other analgesics 3 0
Antiepileptics 11 3 27.3 2 18.2 1 9.1
Neuroleptics 145 27 18.6 24 16.5 3 2.1
Anxiolytics 7 1 14.3 1 14.3
Hypnotics 41 4 9.8 3 7.3 1 2.4
Antidepressants 127 27 21.3 24 18.9 2 1.6 1 0.8
Amphetamines 3 1 33.3 1 33.3
Other drugs 18 6 33.3 3 16.7 3 16.7
Total 498 100 20.1 77 15.5 3 0.6 20 4.0
¹Principal drug in combinations
²Number of reassignments divided by number of certifications x100
³One forensic toxicologically negative case and one drowning omitted  
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 Males numbered more than females, 
62 (62.6%) deaths to 37 (37.4%) deaths, 
M/F ratio 1.7 (Table 21). Males prevailed 
over females in all categories based on 
number of toxicants, especially in those 
two with alcohol as one of the 
components, with ratios of 1.9 and 3.0. 
The majority (77 of 99) of the accidental 
poisonings were due to more than one 
toxicant, most commonly to the 
simultaneous use of two or more drugs 
(overall and females) and two or more 
drugs and alcohol (males). In males, the 
relative distribution of cases between 
different drug groups was rather even, with 
a slight prominence for the category of “>1 
drug and alcohol”. In females and overall, 
however, the category of “>1 drug” was 
most prominent. 
As to manner of death, SF agreed 
with 79 (79.8%) medico-legally proven 
accidental poisonings, classifying them 
also as accidents (Table 22).  
 
Table 21
Accidental drug poisonings by gender and number of toxicants;
distribution (%) between groups by number of toxicants in parentheses
Gender 1 drug >1 drug 1 drug and >1 drug and Total
alcohol alcohol
n n n n n
Total 22 30 23 24 99
(22.2) (30.3) (23.2) (24.2) (100)
Males (M) 13 16 15 18 62
(21.0) (25.8) (24.2) (29.0) (100)
Females (F) 9 14 8 6 37
(24.3) (37.8) (21.6) (16.2) (100)
M/F ratio 1.4 1.1 1.9 3.0 1.7
 
 
Table 22
Deaths medico-legally proven and certified as accidental drug poisonings and their registration, by ICD-10 external-
cause categories¹; agreements between certified and registered accident categories in bold
Certified as Registered as Reassign- Total certi- 
Accidents Total Suicides Natural ments fications
X40 X41 X42 X43 X44 accidents X60 X61 X62 deaths n % n
X40 1 1 1 1 2 66.7 3
X41 39 1 40 1 5 6 13.0 46
X42 2 23 1 26 1 9 10 27.8 36
X43 6 1 7 7
X44 1 1 3 5 2 2 28.6 7
67²
(67.7%)
Total 1 48 24 1 5 79³ 1 1 1 17 20 20.2 99
registrations (79.8%)
¹Code series X40-X44 is for accidents, X60-X64 for suicides; see Table 23 for drug specification
²Agreements (agreement rate) within accident categories
³Overall agreement (agreement rate) between certified and registered accidents
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 Of the 20 disagreements, 17 were 
reassigned as natural deaths and three as 
suicides. Natural deaths derived mainly 
from ICD-10 categories X42 (narcotics, 
see Table 23 for drug specification) and 
X41 (hypnotics, psychotropic drugs). In 
deaths reassigned to suicides, the 
difference of opinion related only to 
manner of death, not to the drug 
concerned. Within the accident category, 
the agreement rate was only 67.7%, 
categories X41 (hypnotics, psychotropic 
drugs) gaining and X43 (drugs affecting 
autonomic nervous system) losing the most 
during the statistical classification 
procedure. 
In the context of concomitant 
toxicants, 20.2% of certified accidental 
drug poisonings were reassigned to some 
other manner-of-death category, mostly to 
mental disorders (Table 24). Accidental 
drug poisonings with an alcohol 
component were resistant to the coding 
process (reassignments, 1 of 47, 2.1%), 
unlike the pure drug poisonings 
(reassignments, 19 of 52, 36.5%). 
 
Table 23
ICD-10 external-cause categories for drug poisonings
ICD-10 category Poisoning by
X40/X60/Y10* nonopioid analgesics, antipyretics and
antirheumatics
X41/X61/Y11 antiepileptic, sedative-hypnotic, antiparkinsonism
and psychotropic drugs
X42/X62/Y12 narcotics and psychodysleptics [hallucinogens]
X43/X63/Y13 other drugs acting on the autonomic nervous
system
X44/X64/Y14 other and unspecified drugs, medicaments and
biological substances
*X40-44 series for accidental, X60-64 for suicidal, and
Y10-14 for undetermined (as to intent) deaths  
 
 
Table 24
Manner-of-death reassignments of medico-legally proven accidental drug poisonings, by number of toxicants
Number of toxicants Certifica- Reassignments, Reassignments to
tions total suicides mental disorders² other diseases
n n %¹ n %¹ n %¹ n %¹
One drug 22 11 50.0 1 4.5 6 27.3 4 18.2
>1 drug 30 8 26.7 1 3.3 6 20.0 1 3.3
One drug and alcohol 23 0 0.0 0 0.0 0 0.0 0 0.0
>1 drug and alcohol 24 1 4.2 1 4.2 0 0.0 0 0.0
Total 99 20 20.2 3 3.0 12 12.1 5 5.1
¹Number of reassignments divided by number of certifications x100
²Due to psychoactive-substance use (from F10 to F19 in ICD-10)  
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 Re-classification of accidental 
poisonings applies especially to the group 
of opioids (Table 25): Of the 37 certified 
deaths, 10 (27%) were re-classified into 
disease categories, mostly to the category 
of drug abuse/dependence syndrome, i.e., 
as a disease, outside the unnatural death 
categories. The most affected subgroup 
was morphine/heroin, six of 10 cases, 
37.5% of the total (16 cases) of certified 
morphine/heroin poisonings. One 
propoxyphene poisoning death was 
considered suicide, not accidental as stated 
on the death certificate. 
On the whole, however, numbers in 
the accident category increased 
significantly. Taking into account the fact 
that classification agreed with 79 of the 99 
certified accidents, and that 5 suicides 
(Table 27) and 73 undetermined 
poisonings (Table 31) were re-classified as 
accidents, the number of fatal accidental 
drug poisonings increased with 58 deaths, 
i.e. from 99 to 157, with 58.6%. 
 
3.2.2 Suicidal drug poisonings 
 
Medico-legally proven suicides by drug 
overdose numbered 325, 65% of all fatal 
drug poisonings. Of these, 187 (57.5%) 
were male and 138 (42.5%) female deaths, 
the M/F ratio being the lowest, 1.4, among 
all three manner-of-death categories. Mean 
age was 44.9 years, for males 44.4 (range 
19-86) and for females 45.6 (range 13-81). 
Males were prominent especially in 
one-drug deaths, the male/female ratio 
being 1.6, while the gender distribution 
was practically equal (ratio 1.1) in the 
category of “>1 drug and alcohol” (Table 
26). The proportion of one-drug 
poisonings was 34.2% overall, for males 
36.4% and females 31.2%, percentages 
systematically higher than those in 
accidents (Table 21). Of the multiple-
toxicant poisonings, the category “>1 
drug” clearly exceeds those with an 
alcohol component, in both genders and 
overall. 
 
 
Table 25
Fatal drug poisonings reported as accidents and their classification at Statistics 
Finland by drug-specific grouping¹
Accident by Certifi- Reassignments Reassignments (n) to
cations
suicide ND³
n n %² n %² n %²
Antidiabetics 2 0
Cardiovascular drugs 3 0
Opioids 37 11 29.7 1 2.7 10 27.0
Other analgetics 0 0
Antiepileptics 1 1 100 1 100
Neuroleptics 16 2 12.5 2 12.5
Anxiolytics 1 0
Hypnotics 6 1 16.7 1 16.7
Antidepressants 27 2 7.4 1 3.7 1 3.7
Amphetamines 2 1 50.0 1 50.0
Other drugs 4 2 50.0 2 50.0
Total 99 20 20.2 2 2.0 18 18.2
¹By principal drug, in combination
²Number of reassignments divided by number of certifications x100
³Natural deaths  
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 Table 26
Suicidal drug poisonings by gender and number of toxicants;
distribution (%) between groups by number of toxicants in parentheses
Gender 1 drug >1 drug 1 drug and >1 drug and Total
alcohol alcohol
n n n n n
Total 111 128 46 40 325
(34.2) (39.4) (14.2) (12.3) (100)
Males (M) 68 71 27 21 187
(36.4) (38.0) (14.4) (11.2) (100)
Females (F) 43 57 19 19 138
(31.2) (41.3) (13.8) (13.8) (100)
M/F ratio 1.6 1.2 1.4 1.1 1.4
 
 
 
Of 325 certified suicides (Table 27), 
SF agreed with 319 (98.2%). Of the six 
reassignments, one was to other unnatural 
deaths (drowning rather than a 
concomitant beta-blocker, propranolol) 
and five to accidental poisonings (one of 
these based on clinical laboratory findings 
during hospitalization only). Matching at 
the ICD-10 suicide-code level was weaker, 
only 89.5%, due mostly to reassignment of 
certifications (24 of 37) with code X63 
(drugs primarily affecting the autonomic 
nervous system) to category X61 
(hypnotics, psychotropic drugs). 
In the context of concomitant 
toxicants, shown in Table 28, agreement 
was complete for the one drug and alcohol 
category; reassignments were relatively 
most frequent (5.0%) for poisonings from 
two or more drugs and alcohol. By drug-
specific grouping (Table 29), the overall 
reassignment rate was 1.2%, ranging from 
nil to 9.1% (for antidiabetics). 
 
Table 27
Deaths medico-legally proven and certified as suicidal drug poisonings and their registration, by ICD-10 external-
cause categories¹;agreements between certified and registered suicide categories in bold
Certified as Registered as Reassign- Total certi- 
Suicides Total Accidents Other ments fications
X60 X61 X62 X63 X64 suicides X41 X42 X44 deaths n % n
X60 5 1 6 3 3 33.3 9
X61 200 1 1 202 1 1 0.5 203
X62 1 40 41 41
X63 24 13 37 1 1 2.6 38
X64 1 1 33 33 1 1 2.9 34
291²
(89.5%)
Total 5 225 41 13 35 319³ 3 1 1 1 6 325
registrations (98.2%)
¹Code series X40-X44 is for accidents, X60-X64 for suicides, see Table 23 for drug specification
²Agreements (agreement rate) within accident categories
³Overall agreement (agreement rate) between certified and registered accidents
unnatural
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 Table 28
Manner-of-death reassignments of medico-legally 
proven suicidal drug poisonings by number of 
toxicants
Number of toxicants Certifica- Reassignments
tions to accidents
n n %
One drug 111 2 1.8
>1 drug 128 2 1.6
One drug and alcohol 46 0 0.0
>1 drug and alcohol 40 2 5.0
Total 325 6 1.8
¹Number of reassignments divided by number of 
 certifications x100
¹
 
 
Table 29
Fatal drug poisonings reported as suicide and their classifition at Statistics Finland by
drug-specific grouping¹
Suicide by Certifi- Reassignments Reassignments (n) to
cations
accident ND³
n n %² n %² n
Antidiabetics 11 1 9.1 1 9.1
Cardiovascular drugs 28 0
Opioids 44 1 2.3 1 2.3
Other analgetics 3 0
Antiepileptics 8 0
Neuroleptics 104 0
Anxiolytics 5 0
Hypnotics 33 1 3.0 1 3.0
Antidepressants 76 1 1.3 1 1.3
Amphetamines 1 0
Other drugs 10 0
Total 323 4 1.2 4 1.2 0
¹By principal drug, in combination
²Number of reassignments divided by number of certifications x100
³Natural deaths  
 
 
Overall, of the total of 325 forensic 
toxicologically proven suicides, 6 were not 
classified as suicides at SF. At the same, 
however, three accidents and one 
undetermined death were considered 
suicides. This produces a net loss of only 
two deaths, a quite insignificant change in 
the annual statistics. 
 
3.2.3 Undetermined deaths due to drug 
poisonings 
 
After complete forensic COD 
investigation, of 500 fatal drug poisonings 
76 (15.2%) were called undetermined as to 
intent, i.e., unclassifiable either as accident  
 
 54
 or suicide. Of these, 51 (67.1%) were male 
and 25 (32.9%) female deaths, a ratio of 
2.0. Mean age was 47.3 years, 46.8 (range 
19-77) for males and 48.3 (range 21-76) 
for females. 
Males predominated in all drug 
groups, most noticeably in the group “>1 
drug”, the M/F ratio being 5.0 (Table 30). 
In the one drug and alcohol group, gender 
distribution was nearly equal, 1.2. 
Poisonings from one drug only, as well as 
poisonings from one drug and alcohol, 
were the most frequent among females. 
The proportion of one-drug poisonings 
was markedly higher here than in accidents 
(Table 21) and high when compared with 
suicides (Table 26), overall and for both 
genders. 
At SF, all medico-legally 
undetermined deaths were re-classified: 73 
(96.1%) to accidental categories, two 
deaths to natural diseases and one to 
suicide (Table 31).  
 
 
Table 30
Undetermined drug poisonings by gender and number of toxicants;
distribution (%) between groups by number of toxicants in parentheses
Gender 1 drug >1 drug 1 drug and >1 drug and Total
alcohol alcohol
(n) (n) (n) (n) (n)
Total 31 12 20 13 76
(40.8) (15.8) (26.3) (17.1) (100)
Males (M) 22 10 11 8 51
(43.1) (19.6) (21.6) (15.7) (100)
Females (F) 9 2 9 5 25
(36.0) (8.0) (36.0) (20.0) (100)
M/F ratio 2.4 5.0 1.2 1.6 2.0
 
 
 
Table 31
Deaths medico-legally proven and certified as undetermined drug poisonings and their registration, by ICD-10
external-cause categories¹
Certified as Registered as Reassign- Total certi- 
Accidents Total Suicides Natural ments fications
X41 X42 X43 X44 accidents X61 deaths n % n
Y11 45 1 46 1 47 100 47
Y12 6 1 7 7 100 7
Y13 8 2 10 1 11 100 11
Y14 10 10 1 11 100 11
Total registrations 53 6 2 12 73 1 2 76 100 76
¹Code series Y10-Y14 is for undetermined deaths, X40-X44 for accidents, and X60-X64 for suicides;
see Table 23 for drug specification
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 Among deaths re-classified as accident, 
X41 (poisoning by antiepileptic, sedative-
hypnotic, antiparkinsonism, and 
psychotropic drugs) gained 8 cases from 
Y13 (Poisoning by other drugs acting on 
autonomic nervous system) certifications, 
and X44 (Poisoning by other and 
unspecified drugs) from Y11 (Poisoning 
by hypnotics, psychotropic drugs) and Y12 
(Poisoning by narcotics and hallucinogens) 
categories, one case each. As to specific 
drug (Table 32), one death reported as 
poisoning from levomepromazine was 
registered as drug dependence, i.e., as a 
natural death, drug dependence being 
mentioned as the contributing cause of 
death in Part II of the death certificate. 
One death reported as due to poisoning 
from antihistamine, in the group other 
drugs, was registered as natural death due 
to disease under care (bronchial asthma). 
The death re-classified as suicide was due 
to tricyclic antidepressant overdose. 
In the context of concomitant 
toxicants (Table 33), all pure-drug 
poisonings were reassigned to the accident 
category; of the 33 drug-alcohol 
poisonings, one was placed even among 
suicides and two others among natural 
diseases, one as a mental disorder due to 
psychoactive substance use and one as due 
to asthma. 
 
Table 32
Fatal drug poisonings reported as undetermined death and their classifition at Statistics Finland by
drug-specific grouping¹
Undetermined death Certifi- Reassignments Reassignments (n) to
by cations
accident suicide ND³
n n %² n %² n %² n %²
Antidiabetics 4 4 100 4 100
Cardiovascular drugs 7 7 100 7 100
Opioids 7 7 100 7 100
Other analgetics 0 0
Antiepileptics 2 2 100 2 100
Neuroleptics 25 25 100 24 96.0 1 4.0
Anxiolytics 1 1 100 1 100
Hypnotics 2 2 2 100
Antidepressants 24 24 100 23 95.8 1 4.2
Amphetamines 0 0
Other drugs 4 4 100 3 75.0 1 25.0
Total 76 76 100 73 96.1 1 1.3 2 2.6
¹By principal drug, in combination
²Number of reassignments divided by number of certifications x100
³Natural deaths  
 
Table 33
Manner-of-death reassignments of medico-legally proven undetermined drug poisonings by 
number of toxicants
Number of toxicants Certifica- Reassignments Reassignments to
tions accidents suicides ND²
n n %¹ n %¹ n %¹ n %¹
One drug 31 31 100 31 100 0 0 0 0
>1 drug 12 12 100 12 100 0 0 0 0
One drug and alcohol 20 20 100 19 95.0 0 0 1 5.0
>1 drug and alcohol 13 13 100 11 84.6 1 7.7 1 7.7
Total 76 76 100 73 96.1 1 1.3 2 2.6
¹Number of reassignments divided by number of certifications x100.
²ND=Natural deaths  
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 DISCUSSION 
 
1 Materials and methods 
 
Finland has a population of about 5 
million, with annual deaths for many years 
around 49 000. All death certificates are 
sent—via State Provincial Office (SPO) in 
charge—to SF. The entire national forensic 
toxicology is centralized in the FTD at the 
Department of Forensic Medicine of 
Helsinki University. The FTD file includes 
a copy of the final COD statement/death 
certificate with cause and manner of death 
as judged by the ME in charge. 
Consequently, because COD statistics 
relate to all deaths of Finnish residents and 
the FTD register to all (suspected) 
poisoning deaths, and the study material 
comprises all deaths in question, sampling 
problems of bias and representativeness of 
the materials do not exist. 
Common measures to assess the 
validity of death certification against the 
respective gold standard are 1) sensitivity 
(the rate by which death certificates detect 
the correct UCD from among deaths which 
finally are assigned to the category 
concerned, i.e., TP/(TP+FN), and 2) 
positive predictive value (PPV, the rate by 
which UCD on the death certificate is 
confirmed from among deaths certified to 
the category concerned, i.e., TP/(TP+FP). 
The present study addresses the 
correctness of death certification and the 
power of validating measures (medical 
expert consultation+query) by observing 
disagreements between certifications and 
registrations for each category. For this 
purpose, the numbers for false-positive and 
false-negative certifications were counted. 
The number of FP certifications among all 
certifications—FP/(TP+FP)—is 
complementary to PPV, equaling 1-PPV, 
and the number of FN certifications among 
all registrations—FN/(TP+FN)—is 
complementary to sensitivity, equaling 1-
sensitivity. 
Categorizing deaths here mainly 
according to main ICD categories 
(Chapters) inevitably omits more specific 
clinically important items, but at the same 
it minimizes the possibility of 
miscategorization; more specific groupings 
were used only for neoplasms and HVD. 
 
2 Validity of medical death 
certification 
 
Medical COD certification has to fulfill 
two purposes with differing requirements. 
It addresses the individual legal rights of 
the deceased, next-of-kin, and medical 
care attendants but at the same, medical 
information on death certificates makes up 
the basic information for COD statistics 
and then plays a central role in public 
health and social policy, and 
epidemiological research. 
The validity of mortality statistics 
depends on the degree of coverage of all 
deaths by medical death certification, and 
relevant to the present study, on the 
correctness of the COD information, and 
its availability for certification and 
subsequent COD classification, coding and 
registration. Creation of valid mortality 
statistics succeeds only if every stage in 
the COD collecting process operates 
appropriately and reliably (Mackenbach et 
al. 1987, Hill and Anderson 1990, Kircher 
1990). On the other hand, ICD codification 
and coding rules also need be applicable to 
the approved purposes and the coding 
practices regular and consistent (Curb et 
al. 1983, Lindahl 1984, Lindahl et al. 
1990, Lindahl and Johansson 1994). 
Appropriate medical death certification 
demands, first, quality primary data on 
causes and circumstances of death and 
second, knowledge and experience of the 
phenomenon one is certifying and, third, 
skill to force into the concise format of the 
medical death certificate often quite 
elaborate information on diseases and their 
causative relation to the death. 
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 2.1 Autopsy and cause-of-death 
information 
 
Primary information for establishing the 
cause and manner of death comes from 
medical examination(s) of the deceased 
during life or from autopsy findings, or 
both. External inspection of the body 
always occurs as a medical procedure 
after death but does not usually suffice as 
the only post-mortem method in COD 
determination. 
In Finland in recent years, about 
80% of all death certificates have been 
based on clinical COD determination: 
70% on examinations during life only, 
and 10% also on clinical autopsy (Causes 
of Death 1993-2003, Statistics Finland). 
In medico-legal COD determination, 
investigation of circumstances of death 
constitutes a fundamental part of the 
process (Penttilä et al. 2000). At present, 
clinical autopsy is not needed to the same 
extent as earlier in order to determine 
COD. Developments in clinical 
diagnostics, especially in imaging 
technology obviously are in part 
responsible for this decrease. In this 
instance especially, precise and full 
documentation of clinical findings and 
examination results from medical 
records, not only for medico-legal 
reasons but also for correct and reliable 
medical death certification is necessary 
for every death (National Board of 
Health 1982). 
Many studies have documented 
discrepancies in comparing UCD on the 
death certificate and pre- or post-mortem 
information sources of the patient 
(Britton 1974a and 1974b, Engel et al. 
1980, Cameron and McGoogan 1981, 
Percy et al. 1981, Kircher et al. 1985). 
Rates for major disagreement (resulting 
in reassignment of UCD to a different 
main ICD category) have generally 
ranged between 7 and 29%. Inaccuracies 
in medical death certification based only 
on clinical examinations during life and 
the greater sensitivity and specificity of 
autopsy, especially for diseases like IHD 
and neoplasms, prove the autopsy to be a 
reliable measure for the correctness of 
medical death certification. 
Correspondingly, autopsy rate allows 
measurement of the reliability of 
aggregate data like those in mortality 
statistics (Lanska 1993). When only 
specialists or those in specialist training 
in pathology and legal medicine are 
qualified to perform autopsies and have 
all modern facilities and equipment, the 
appropriate quality standard can be 
achieved. 
Availability of autopsy results have 
proven problematic in countries where 
conveying autopsy data to COD statistics 
is based on a later supplementary death 
certificate; in practice, death certificates 
are corrected with autopsy results 
infrequently (Kircher et al. 1985, 
Comstock and Markush 1986, Hill and 
Anderson 1990, Kircher 1990, Nielsen 
1991, McKelvie 1993). Consequently, 
precious medical information is lost, and 
the result is skewed COD data. This kind 
of situation inevitably diminishes the 
quality of COD statistics. Due to our 
death certification process, we can in 
Finland rely on the fact that for every 
death, all existing COD data are available 
for the death certifier. Thus, as regards 
autopsy-based death certification, any 
threat to the correctness of COD data in 
Finland comes from the low or 
decreasing autopsy frequency, not from 
the existing information missed. 
Autopsy rates for specific HVD 
subcategories have also been clarified. In 
Finland, Penttilä and Ahonen (1975) 
observed that the total national autopsy 
index in 1968 for deaths from 
degenerative heart diseases was about 
34% (36% in males, 33% in females), 
declining, however, highly significantly 
with the increasing age of the decedent. 
This was typical of medico-legal 
autopsies, clinical autopsies remaining 
more constant up to the age of about 65 
years. Four years later, in 1972, slightly 
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 higher rate figures for IHD deaths in the 
Finnish population aged 40 to 64 were 
reported by Romo et al. (1982): The total 
autopsy rate was 40.6% in males and 
39.6% in females. Provincial differences 
were, however great, from 15 to 68% for 
males and 13 to 70% for females. In a 
study of all certified deaths in Trenton, 
New Jersey, USA, 1979 to 1980 
(Ahronheim et al. 1983), the proportion 
of non-ME autopsies for IHD deaths fell, 
with increasing age, from 40.0% in the 
age-group 34 years and under to 14.1% 
in the group aged 35 to 64 years and 
further to 4.8% at 65 years and over. 
Corresponding ME-autopsy deaths were 
84.0%, 25.4% and 8.0%; the decline was 
then much the same in both non-ME and 
ME autopsy system. 
Hjort et al. (1995) have observed 
that when the clinical autopsy rate 
declines, the number of true positive 
clinical diagnoses decreases, and, 
consistently, the sensitivity of the 
medical death certification declines. It 
has even been said that physicians may 
use IHD as a default underlying cause of 
death when unsure of the real one and 
when no reason for closer examinations 
exists (Lloyd et al. 1998). If so, the 
decline in autopsy rate would result in 
overdiagnosis of IHD. Indeed, Romo et 
al (1982) observed that autopsy rate and 
IHD mortality showed a weak negative 
correlation, -0.25 (p<0.05), which 
observation, the authors suggest, might 
mean more false positive diagnoses when 
the autopsy rate is low. In the study of 
Joensuu (1989) on ischemic heart 
diseases in Finland, 1972 to 1985, the 
correlation between autopsy rate and IHD 
mortality was -0.322 (p=0.0001) in the 
male group 35 to 64. For out-of-hospital 
deaths, the correlation was positive, 
0.310, indicating the possibility of false-
negative diagnoses in those not 
autopsied—and indicating the 
effectiveness of medico-legal 
investigation (always including complete 
autopsy) in sudden, unexpected natural 
deaths. One may thus conclude that a 
decline in autopsy rate could have an 
implication on the correctness and 
reliability of the COD data for death 
certification and mortality statistics. 
On the other hand, Penttilä and 
Ahonen (1975) observed no systematic 
relationship between type of COD 
determination and mortality rate from 
degenerative heart diseases, and the 
authors explain that causes of death 
based on clinical autopsy are most 
usually also based on medical history and 
clinical examinations before death. 
Ahronheim et al. (1983) observed, 
in a study based on nearly 100 000 death 
certificates of both genders filed in the 
state Department of Health in Trenton, 
NJ, USA, a definite decline in total 
autopsy frequency with advancing age in 
natural deaths overall but varying 
according to the disease causing the 
death. In IHD deaths, for age-groups 35 
to 64 years and 65 years or over, total 
autopsy rates were 14.1% and 4.8%, and 
in CVD deaths 16.3% and 3.6%. In 
Finland, Penttilä and Ahonen (1975) 
found that in 1968 the total autopsy rate 
for arteriosclerotic and other 
degenerative heart diseases correlated 
inversely with age of the deceased. At 
age 35 to 44, the male rate was about 
50% and the female about 65%, and at 75 
years and over about 16% in both 
genders. In our study on male natural 
deaths, the total and medico-legal 
autopsy rates in deaths from the IHD 
showed the same declining trend with 
advancing age throughout the 20 years of 
the study period. But, in contrast, the 
clinical autopsy rate for IHD deaths 
remained at the same level of 16 to 23%, 
regardless of age at death, up to the age 
of 75 and over. In the CVD deaths, total 
and medico-legal autopsy rates decreased 
from the youngest group (35-44 years) 
and that of clinical autopsy from the next 
youngest (45-54 years) group onwards; 
this trend was the same in the beginning, 
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 in the middle and at the end of the study 
period. 
Lanska (1993) has examined 
changes in US autopsy rates for deaths 
due to stroke and compared them with 
changes in rates for all deaths for the 
years 1955, 1958, and 1972 to 1988. He 
observed that since at least 1955, deaths 
attributed to CVD were less frequently 
(about half) autopsied than were non-
stroke deaths. The decline was most 
obvious after 1972, so that since 1982 
less than 5% of deaths due to CVD have 
been ascertained by autopsy. This author 
concludes that careful consideration of 
the value of autopsy is needed and the 
problems in obtaining, disseminating, 
and using autopsy data addressed; 
otherwise, the autopsy rate will continue 
to decline. 
What would then be a reasonable 
autopsy rate where the quality of national 
COD statistics is concerned? An 
unambiguous answer surely is 
impossible; the appropriate rate depends 
on many things like national legislation 
and practices, the nature of the 
disease/morbid condition concerned and 
the circumstances of death. A total 
national autopsy rate of 4 to 5% has been 
considered absolutely too low 
(Brinkmann et al. 2002). But how many 
autopsies are enough? Several studies, 
most usually based on materials from 
university hospitals, indicate that high 
autopsy rates (>75%) are associated with 
a relatively low number of discrepancies 
between hospital diagnoses and autopsy 
finding (Britton 1974a, Asnaes and 
Paaske 1980), but not ad infinitum; even 
in the university hospital material of 
Britton, with autopsy rate as high as 
96%, the discrepancy rate was 7% at the 
rough main category level of ICD-8, and 
even more (up to 30%) when the more 
specific level of classification was 
applied. Battle et al. (1987), in their study 
of autopsies from 32 US universities and 
community hospitals of various sizes, 
have shown an apparent inverse 
relationship between autopsy rate and 
frequency of diagnostic discrepancies but 
only in large university hospitals with 
autopsy rates greater than 40%. 
In the study based on 
questionnaires to chairmen of 
departments of pathology in US 
universities (Anderson and Hill 1989), 
the respondents favored an approximate 
doubling of the then autopsy rate of 30 to 
31% to 64%. At a university department 
or hospital, such a high autopsy rate is 
important, naturally, for quality 
assessment of medical care, for medical 
education and training and for research, 
but also for correct COD certification and 
statistics.  
For practical reasons, an overall 
national autopsy rate can and need not be 
so high, and even then resources should 
be focused according to the needs and 
approved purposes of autopsy practice. 
We have in Finland about 49 000 deaths 
annually. Of these, about 4 000 are 
unnatural, i.e., due to accidents or other 
type of violence; in principle, all of these 
must be medico-legally investigated and, 
most usually, also autopsied. Among 
about 45 000 annual natural deaths, 
sudden unexpected deaths, deaths 
unknown to be due to disease as well as 
deaths of persons not treated by 
physician during his/her last illness have 
numbered about 5 000, 54 to 55% of all 
medico-legal autopsies. All these deaths 
inevitably pertain to medico-legal 
investigation according to our legislation, 
and together with unnatural deaths make 
the total of about 9 000 annual medico-
legal deaths, 18% of all deaths. This 
means that our present medico-legal 
autopsy frequency (about 20%) seems to 
be quite appropriate and consistent; the 
difference between the calculation above 
(18%) and the actual figure (20%) is 
marginal but may refer to somewhat 
loose indications when the necessity of 
medico-legal COD investigations is 
considered. One must remember, 
however, that the above argumentation is 
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 based on the results of COD examination, 
not on the information before autopsy. 
And remembering the purposes and 
objectives of COD examination and 
certification—as the guarantee of 
realization of legal protection and valid 
mortality statistics—inaccurate primary 
information is not to be tolerated. In fact, 
concerning deaths with only ill-defined 
or symptomatic COD diagnosis in 
Denmark, Sweden, Norway, and Finland, 
the number of deaths assigned to the 
ICD-9 main category XVI (“Symptoms, 
Signs, and Ill-defined Conditions”) has 
been inversely correlated with autopsy 
rate; Finland, having the highest rate, has 
the lowest number of deaths belonging to 
that ICD main category (Saukko 1995). 
Also to be taken into attention: To 
maintain acceptable working standard, an 
adequate volume is needed. 
The need for clinical autopsies to 
produce reliable COD statistics is very 
difficult to estimate. In Finland, the 
present overall rate of about 10% may be 
too high; nowadays people frequently 
have had health care contacts, with 
medical information created and 
accumulated into their medical records 
during life. In attended deaths, this state 
of affairs reduces the need for post-
mortem examinations for COD 
determination in general; the need for 
institutional quality attendance of 
medical care may result in other 
conclusions. From these points of 
departure, an overall national clinical 
autopsy rate under 10%, possibly a rate 
of 6 to 8% may be anticipated in future. 
 
2.2 Heart and vascular disease 
mortality and autopsy-based 
certification of deaths from 
ischemic heart disease 
 
In the first years of the 1970’s, middle-
aged Finnish men had the highest 
mortality from cardiovascular diseases 
among developed countries. Since then, 
HVD and especially IHD mortality has 
declined. Koskenvuo et al. (1985) 
observed a decline in IHD (ICD-8, codes 
410-414) mortality of men aged 40 to 64 
of 15.9% during the decade 1972 to 
1981. Correspondingly, Salonen et al 
(1983) stated that IHD mortality of men 
aged 35 to 64 years decreased annually 
by 1.1% between 1969 and 1979. In 
another Finnish study (Joensuu 1989), 
the decline in mortality from IHD (ICD-
8, codes 410-414), between the 7-year 
periods of 1972 to 1978 and 1979 to 
1985 in the group of 35 to 64 old men 
was 20%, provincial autopsy rates 
ranging from 26.8% (in North Karelia) to 
56.8 (in Uusimaa). Vartiainen et al. 
(1994) observed that mortality from 
cardiovascular diseases of middle-aged 
men decreased from 1970 to 1992 by 
about half, depending mainly on 
favorable changes in the main coronary-
disease risk factors and, after the middle 
of the 1980’s, on improvement in 
treatment and secondary prevention of 
acute IHD. More recently, Salomaa et al. 
(2003) give a decline in mortality from 
IHD among working-aged men and 
women of over 70% during the last three 
decades.  
All of these studies use the national 
mortality figures from SF; the death 
certification process and COD statistics 
in Finland have been considered valid for 
epidemiological purposes (Näyhä 1980, 
Penttilä and Ahonen 1975, Koskenvuo et 
al. 1985, Rapola et al. 1997). Moreover, 
the fact that since 1974, Finnish 
legislation and national instructions on 
COD investigation have remained 
unchanged speaks for the reliability of 
collected COD data but may include the 
possibility of slightly varying practices in 
application of methods in medical COD 
determination. 
In the present study, the reliability 
of IHD mortality statistics was assessed 
by the trends observed in the use of 
autopsy among all deaths certified to be 
due to IHD, starting from the hypothesis 
that an adequate and constant use of 
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 autopsy guarantees the quality of COD 
data. An autopsy-based certification of 
male deaths from all natural causes 
increased during the first half (1974-
1983) of the study period for all age-
groups, due to a significant increase in 
medico-legal autopsy rates. Changes in 
use of clinical autopsies were quite 
insignificant, except in the oldest (75-84 
years) group, where a significant increase 
occurred. The decline in overall autopsy 
rates was not obvious until the second 
half (1984-1993) of the study period. 
This was unambiguously due to a 
significant clinical autopsy rate decrease 
in all age-groups. In contrast, the 
increased use of medico-legal autopsies 
continued during the second half of the 
study, significantly for those between 45 
and 74. These observations do not differ 
from the overall trends in national 
autopsy frequencies (Fig. 3). 
The same is true with autopsy-
based certifications of deaths from IHD 
which increased during the whole study 
period up to the oldest age-group where a 
significant decrease was observed during 
the latter half of the study period. The 
increase was statistically significant for 
the middle-age years, 45 to 64. During 
the first half of the study period, the 
overall increase was due to simultaneous 
increases both in clinical and medico-
legal autopsy categories. During the 
second half, overall and medico-legal 
autopsy rates continued to rise, except 
among the oldest; clinical autopsy rates 
were declining in all age-groups. Increase 
in examinations during life of in-hospital 
and out-of-hospital patients, and the more 
systematic steering of the COD 
examination of sudden, unexpected 
deaths into medico-legal investigation 
could quite well explain these trends. 
In Finland, 1969 to 1971, the 
autopsy rate for IHD deaths of males 
aged 40 to 64 was 40.6% (Romo et al. 
1982), varying greatly, however, between 
provinces (range 15.2-68.0%) and 
between urban (53.4%) and rural (29.0%) 
areas. In the study of Penttilä and 
Ahonen (1975), the overall autopsy index 
for male deaths from arteriosclerotic and 
other degenerative heart diseases in 1968 
was 30%, but declined highly 
significantly as the age of the decedents 
rose. Compared with these figures, 
autopsy rates in the present study for 
natural deaths overall, and for IHD 
deaths especially, were systematically 
higher for middle-aged male groups, but 
decreased in the same way with 
increasing age. Consequently, quality 
data for pertinent medical death 
certification and subsequent COD 
statistics on IHD deaths and natural 
deaths in general did exist. 
Our findings justify the conclusion 
that the decreased use of clinical autopsy, 
when compensated for mainly by 
medico-legal investigations of sudden 
unexpected natural deaths, does not 
suggest that the quality of COD 
information on natural deaths in general 
and IHD especially would have worsened 
in Finland during the period of IHD 
mortality decline since the early 1970’s. 
The national autopsy rate decline since 
the beginning of the 1980’s has not 
affected IHD diagnostics, where autopsy 
is still used to an acceptable extent to 
guarantee the quality of COD data. And 
what is really important when 
considering sudden unexpected deaths, 
often due to HVD: Medico-legal autopsy 
practices have remained unaffected. 
 
 
2.3 Effects of validation procedures 
on quality of cause-of-death 
information 
 
On the medical death certificate, COD 
information should be presented in such a 
way that the cause and manner of death 
become comprehensive. From the 
medico-legal and statistical point of 
view, no significant causative fact should 
be omitted. This is sometimes 
experienced as problematic (medico-legal 
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 reality vs. possible pressure from 
relatives of the decedent, and 
confidentiality restraints) for certifying 
physicians due to, for instance, chronic 
alcoholism, drug abuse/dependence, or 
HIV infection/AIDS as a possible 
causative factor (Shai 1994, European 
Commission 2001). On the other hand, 
all known diagnoses of the deceased are 
not necessarily causes of his/her death. In 
addition, if the death certifiers would 
better internalize the importance of 
medical death certification as the quality 
guarantee of mortality statistics, they 
would strive for exact COD certification 
and thus improve the reliability of COD 
data. 
The quality of data depends on its 
correctness and accuracy. The claim of 
correctness may be said to be absolute, 
independent of level of gradation; 
incorrect basic information inevitably 
distorts the result. On the other hand, 
accuracy of data and statistics based on 
them is to some extent relative, 
depending on the purpose/user of these 
data (Glasser 1981, Maudsley and 
Williams 1996). Ideally, data as accurate 
as possible may be the goal but 
depending on use of these data—and 
resources available—lesser standards 
usually suffice, whereas it is important 
that the process is consistent, without 
unpredictable deviations or systematic 
biases. At least the nature and direction 
of any bias should be known and 
predictable (Mackenbach et al.1987, 
Nuttens et al. 1990). 
As to the selection of UCD among 
causes of death, the condition entered 
alone on the lowest line used in Part I 
should be selected only if it could have 
given rise to all the conditions entered 
above it (General Principle, in ICD-10, 
see Introduction, 3.3). Most usually, the 
antecedent cause of death reported by the 
physician will be selected as the UCD for 
statistics. Selection rules 1 to 3 
(Introduction, 3.3) are applied only if 
more than one cause is entered in Part I 
of the death certificate, or if it is highly 
improbable that the condition stated as 
the antecedent cause could have given 
rise to all the conditions entered above it, 
and in both cases only if further 
information from the certifier has been 
unavailable. This ICD statement thus 
justifies the validation—by querying the 
certifier or consulting the medical expert, 
or both—of insufficient medical COD 
information by statistics authorities. The 
Finnish use of medical expertise as the 
interpreter of questionable medical COD 
information on the death certificate is a 
specific form of querying, and reasonable 
for incorporating relevant details from 
among all information on the death 
certificate, in its Section 12, especially. 
In the COD collection process, the 
medical death certification has been 
observed to be expressly a vulnerable 
stage (Mackenbach et al. 1987, Moussa 
et al. 1990, Tzoneva-Pentcheva et al. 
1997) which shows the need for medical 
expertise between certifier and coder. 
 
2.3.1 Use of medical expertise in 
validation of cause-of-death 
information  
 
While the use of medical expertise by 
statistics offices is common, no reports 
on the effect of any expert hearing of 
death certificates, prior to coding and 
registration of underlying COD, exist. 
Among the structured studies based on 
exploitation of medical expertise as the 
gold standard in analyzing correctness of 
medical death certification, Benavides et 
al. (1989) compared certified UCD with 
the reference cause, determined by 
medical experts on the basis of all 
available pre- and post-mortem reports. 
At the ICD-9 main category level, overall 
disagreement rate in that Spanish study 
was 19.7%, and in ours 29.4%, a 
difference that could be explained by the 
differences in study materials: Their 
material was 1068 randomly sampled 
death certificates and ours of discrepant 
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 death certificates, selected specifically 
for medical expert consultation. Primary 
certifications in both materials offer both 
similarities and differences. Neoplasms, 
endocrine diseases, digestive diseases, 
and unnatural causes of death were 
underreported, and mental, nervous, and 
urinary diseases overreported in both. 
The most striking difference was in 
pulmonary diseases, with slight 
underreporting in the Spanish and 
marked overreporting in the Finnish 
material. 
Among the studies on specific 
disease entities, Nuttens et al. (1990) 
compared conventional death certificate 
material with specific MONICA project 
data on IHD deaths. They observed an 
underreporting of IHD deaths of only 
about 8%, and considered death 
certificate information valid for 
epidemiological purposes. In our selected 
material, the underreporting of HVD 
deaths was 3.5%, and that of IHD-
specific subcategory 69%, the impact of 
validation (medical expert 
consultation+query) on national mortality 
statistics being an increase with only 
0.2% and 1.5%, respectively. In Sweden, 
Sundman et al. (1988) compared death 
certification for IHD deaths in two 
municipalities with medical information 
from pre-and post-mortem sources and 
stated that death certificate material 
concurred with reference material, 
although with risk for local variation.  
In Bulgaria, Tzoneva-Pentcheva et 
al. (1997) documented in CVD death 
certification an underreporting of CVD 
deaths with 27.9%. In our material, the 
underreporting was of the same order, 
26.3%. In the study of Moussa et al. 
(1990), underreporting was clearly 
greater, 61.4%. Totally different 
observations come from Japan: Hasuo et 
al. (1989), having assessed the accuracy 
of certified underlying causes in deaths 
from CVD by comparing them with 
autopsy results, documented an 
overreporting of CVD deaths of 6%. 
Furthermore, James and Bull 
(1996) have observed that cancer, 
although clinically known, was certified 
in detail in only 23 of 89 cases, and the 
cause for renal failure was omitted in 75 
of 95 cases. Observations like these 
speak strongly for some kind of 
validation before statistical coding to 
meet national and international 
requirements for quality mortality 
statistics. This effort requires from the 
statistical authority and medical expert(s) 
at its disposal a continuous dialogue with 
practicing physicians and medical 
examiners/forensic pathologists, in the 
form of systematic queries for 
insufficient and inconsistent certificates. 
 
2.3.2 Use of query in validation of 
cause-of-death information 
 
Validation of COD information for 
statistics by querying certifiers has been 
assessed in several studies. Hopkins et al. 
(1989), documenting query practices in 
the state of Oregon, USA, found that, of 
the 23 238 death certificates, 2 453 
(10.6%) were queried for additional 
information from the certifiers. Of these 
queried certificates, 56.1% resulted in a 
new or more specific UCD. In our study, 
the proportion of annual death 
certificates needing further clarification 
was somewhat smaller, 7.1%. In fact, 
querying of the certifier could still be 
reduced to 1.4% because the preliminary 
expert panel hearing was able to settle 
most of the discrepant certificates by 
interpreting all medical information on 
the Finnish death certificate, especially 
that in the section 12 (Free-text 
summary). In other Nordic countries, the 
overall query rate has been from 2 to 8%, 
in Sweden and Norway 2%, Denmark 8% 
and Iceland 8 to 9%—not knowing, 
however, the extent of medical 
consultation practise on individual death 
certificates in each country (Nordic 
Medico-Statistical Committee 1998). 
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 The use and effectiveness of the 
query in some specific pathologies has 
been assessed. Lindahl (1984) examined 
death certification and registration in 
deaths from rheumatoid arthritis and 
observed that of the 1224 registrations, 
90 were not reported by physicians as 
rheumatoid arthritis but were 
nevertheless registered as such by the 
national statistics office. Most of these 
(81 cases, 90%) resulted, however, from 
coding errors (at 3-4 digit level of ICD-8 
codes) and only nine cases (10%) were 
due to incomplete or inadequate 
certificates. Of these, six certificates 
were further confirmed by supplementary 
information from certifiers, for the 
remaining three the diagnosis of 
rheumatoid arthritis being inferred, at the 
statistics office, from other than 
diagnostic information on the death 
certificate. Comparison with our results 
is not meaningful, because our study 
proceeded at a more general level, 
“Diseases of the musculoskeletal system 
and connective tissue” (Chapter XIII in 
ICD-10), instead of the specific category 
for rheumatoid arthritis. The 
effectiveness of the query is shown in the 
study of Swerdlow (1989) on cancer 
deaths in England and Wales, in which at 
the 3-digit level of ICD-9 the number of 
cancer deaths increased to 30 to 35% as 
the result of the query policy of their 
national statistics office. In Finland, the 
effect of validation—medical expert 
consultation and querying of the 
certifier—on the number of deaths from 
malignant neoplasms in general in 1997 
was an increase by 1.4%, according to 
the present study. Larger information 
content of death certificate form, 
physicians’ abilities in certification and 
surveillance of death certificates by 
provincial medical examiner may explain 
the quality of certified COD information, 
in general and on cancer deaths 
especially, in Finland. 
Lu and Huang (2002) have 
assessed the extent of changes in 
distribution of subtypes of stroke after 
querying the certifiers. They found that 
from among the 1505 hospital death 
certificates with ill-defined 
cerebrovascular disease (ICD-9 code 436 
or 437.9) as the cause to be registered, 
79% resulted in a change to a more 
specific code, mostly to that of cerebral 
infarction (433-434) and cerebral 
hemorrhage (431). At population level, 
deaths from cerebral hemorrhages 
increased by 18% and cerebral infarction 
by 113%. The authors conclude that 
given the large gains in specificity, 
querying is a useful method to improve 
the quality of COD statistics. In our 
material, cerebro-vascular diseases were 
observed as an entire group; changes in 
the study context were small, and at 
population level the increase was 0.8%. 
Ill-defined conditions reported as 
the underlying cause of death and their 
validation by query have received 
attention. Prompt querying is considered 
the best way to specify or add to 
originally insufficient medical 
information on death certificate, provided 
that such additional information exists 
and that the certifier has an (easy) access 
to it. At the general level, the querying 
when systematic, consistent, and 
performed according to agreed criteria 
and at the proper rate is an important 
method of improving the quality of COD 
statistics in general (Hopkins et al. 1989) 
and in specific disease categories like 
cancer (Swerdlow 1989) and CVD (Lu 
and Huang 2002). At best, it may also 
educate and motivate physicians to 
complete the death certificate properly in 
order to meet the requirements of valid 
COD statistics and to understand what it 
is for (Hanzlick 1996). 
 
3 Classification of medico-legally 
proven fatal alcohol and drug 
poisonings 
 
With population-based queries it is 
possible to chart the prevalence of the 
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 use of alcohol and drugs but difficult to 
obtain reliable information of the 
hazardous effects of their problematic 
use. Instead, information in various 
special registers like the COD register 
can be and is used (Partanen et al. 2001).  
Deaths suspected to be due to 
alcohol or drug poisoning are generally 
ushered into the medico-legal (or 
corresponding) COD investigation 
system. Differences do appear in national 
legislation, strategies, procedures, and 
methods in determining causes of death 
in suspected acute poisonings. This 
inevitably results in a different starting-
point for COD certification, 
classification, and registration. But in 
every case, the quality of registered data 
can be only as good as the coverage and 
specificity of primary examinations. In 
Finland, when death is suspected, 
independent of the manner of death, to be 
due to poisoning, autopsy samples are 
systematically screened for alcohols and 
common acidic and basic drugs. Drugs of 
abuse are routinely screened in a given 
age-group (under 35 years) and in some 
accidental (driver of motor vehicle), 
homicidal or sudden deaths. 
Additionally, digoxin is screened for in 
samples from elderly (over 65) deceased 
persons. In addition, based on the request 
of the medical examiner, specific 
analyses are performed like those of 
volatiles, carbon monoxide, insulin, 
drugs of abuse (independent of age of 
deceased), ethylene glycol, and cyanide. 
Because of centralization of post-
mortem forensic toxicological 
examinations in the FTD and systematic 
screening for toxicants, possibilities in 
Finland for reliable identification and 
quantification of alcohol and drugs in all 
deaths and for formation and 
maintenance of a complete national 
register on poisoning deaths are 
excellent. This state of affairs, for its 
part, allows for the reliable national COD 
statistics on deaths from poisoning, if 
only the medical certification is correct 
and sufficiently complete to fulfill ICD 
principles, guidelines, and notes on COD 
coding and classification—and these in 
turn are regularly and consistently 
followed (Shai 1994). 
Another factor is, then, how 
logically the international regulations and 
national practices respond to medico-
legal principles and what would be the 
most vital objective in classification, 
registration, and tabulation of causes of 
death for various administrative and 
scientific purposes. The ways alcohol and 
drug poisonings, their different 
combinations, and deaths related to 
alcohol or drugs are possible to code 
according to the ICD are many. This state 
of affairs may be confusing for the 
certifier and, especially, for the more or 
less unaccustomed user of mortality 
statistics, whether for national purposes 
or international comparisons. In England 
and Wales (Flanagan and Rooney 2002), 
over 90% of the deaths classified to the 
categories of drug dependence and non-
dependent abuse of drugs were actually 
due to acute poisoning that should be 
assigned—according to medico-legal 
disciplines—to accidental, suicidal or 
undetermined poisoning categories in 
Chapter XX of ICD-10. Our study, 
regarding the problem from the view of 
acute poisonings and their classification, 
indicates the same direction: about 17% 
of medico-legally proven alcohol 
poisonings and about 4 to 5% of drug 
poisonings were classified as an 
abuse/dependence syndrome. For the 
time being, differentiating fatal alcohol 
and drug poisonings from among other 
alcohol-/drug-related deaths, and 
differentiating poisonings with a certain 
(group of) drug(s) from those by other 
drug(s) is not possible from UCD-based 
registrations but requires special 
measures, such as standardized lists of 
applicable ICD codes, e.g. that by the 
European Monitoring Centre for Drugs 
and Drug Addiction (EMCDDA), and 
special processing of COD data. 
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3.1 
 
Numbers of deaths from alcohol 
poisoning in the Finnish national COD 
statistics, on the one hand, and in the 
FTD register, on the other, have differed 
from each other but in a consistent 
manner. This is a good argument for 
sequential classification practices at FTD 
as well as at SF—but each based 
obviously on different premises. During 
1991 to 1994, the number of deaths 
attributable to alcohol poisoning were 
systematically lower in the COD 
statistics than were those in the FTD 
register but were of much the same order, 
about 14 to 16% (Table 34). In 1995, the 
last year of ICD-9, the 
underrepresentation in COD statistics 
was at minimum, 9.8%. During the first 
two years, 1996 and 1997, of ICD-10, the 
annual number of alcohol poisonings in 
COD statistics diminished significantly, 
due to a decrease in male deaths. Since 
1998, the difference between registers 
seems to have stabilized at the level 
before the introduction of the ICD-10 in 
Finland, the underrepresentation being 15 
to 16% of alcohol poisonings in COD 
statistics. 
 
 
 
 
Table 34
Fatal alcohol poisonings¹ in Finland, 1991-1999
Year FTD² Mortality statistics Degree of under-representation in statistics
Male Female Total Male Female Total Male Female Total
n n n n n n n % n % n %
1991 327 77 404 280 58 338 47 14.4 19 24.7 66 16.3
1992 299 71 370 271 47 318 28 9.4 24 33.8 52 14.1
1993 335 60 395 291 46 337 44 13.1 14 23.3 58 14.7
1994 319 58 377 272 46 318 47 14.7 12 20.7 59 15.6
1995 391 79 470 364 60 424 27 6.9 19 24.1 46 9.8
1996 403 87 490 287* 58 345* 116 28.8 29 33.3 145 29.6
1997 328 73 401 225 50 275 103 31.4 23 31.5 126 31.4
1998 365 84 449 307 75 382* 58 15.9 9 10.7 67 14.9
1999 366 87 453 300 80 380 66 18.0 7 8.0 73 16.1
¹1991-1995, ICD-9 codes E850, E950, N980; 1996-1999, ICD-10 codes X45, X65, T51
²Forensic Toxicology Division, Department of Forensic Medicine, Helsinki University
*Significant change from the previous year; no multiple comparison correction  
 
 
Alcohol has a sedative, depressive 
effect on neural cells in the respiratory 
center, and is at high doses lethal. Nordic 
medico-legal experts have considered 
BAC values from 2.5-3.0 per mille 
(weight/weight) upwards life threatening 
and concentrations from 3.5 to 4.5 per 
mille lethal in most cases (Poikolainen 
1977, Sillanaukee et al. 1996, Winek et al. 
2001). Post-mortem BAC is usually lower 
than the highest value before death. In 
Finland, the average BAC values in 
alcohol poisoning deaths have been 3.2 to 
3.4 per mille in males and 3.3 to 3.6 per 
mille in females, without greater annual 
fluctuation (Penttilä A et al. 2000). Based 
on post-mortem examinations only, 
consideration of the part played by alcohol 
in deaths is complicated: Maximal BAC 
before death is unknown, and the state of 
ante-mortem metabolism between 
cessation of alcohol intake and death, as 
well as the amount of any post-mortem 
ethanol production, are impossible to 
estimate reliably (Poikolainen 1977, 
O’Neal and Poklis 1996). In any case, 
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 when the accepted poisoning threshold has 
been exceeded and no other explanation 
for death exists, the COD ruling should be 
an unambiguous alcohol poisoning. COD 
argumentation/certification becomes more 
complicated when alcohol is accompanied 
by some additive or synergistic 
compound/drug (Koski et al. 2002, 2003) 
and also when accompanied by some 
competing organic, potentially life-
threatening disease or external (e.g., 
hypothermia) cause. Decision as to cause 
and manner of death from suspected 
alcohol poisoning—in relation to other 
alcohol-related causes especially—is thus 
always to be based on the total view of 
death investigation: information on death 
circumstances, autopsy findings, histology, 
and toxicological analyses (Huusko and 
Hirvonen 1988, Hansen and Simonsen 
1991, Perola et al. 1994). 
As stated earlier, correct completion 
of the death certificate demands that the 
certifier unambiguously point out the one 
and only originating antecedent cause of 
death, as defined by the WHO, so that the 
statistician can select the underlying cause 
of death. In addition, in multiple-toxicant 
poisoning, the toxicant considered by the 
certifier as the most important should be 
labeled unambiguously. The Finnish death 
certificate form (see Appendix) requires 
the certifier to code every COD diagnosis 
on the death certificate with ICD disease-
specific and external-cause codes, and in 
drug poisonings also with drug-specific 
ATC codes. Despite the form’s guidance, 
details supplied by the certifier of COD 
diagnoses and codes, when numerous, are 
sometimes unclear or ambiguous, so that 
the statistician cannot know what is 
intended as the main (group of) toxicant(s) 
in the certified antecedent cause of death. 
This inevitably requires in the absence of 
any query from the certifier—a decision by 
the statistician/medical expert, to the best 
of his/her knowledge, after possibly 
consulting of the FTD register. 
Quite another matter is the effect of 
ICD-10 rules and guidelines on selection 
and classification of the statistical UCD. In 
alcohol poisonings, two rules play a 
central role. First, combinations of 
medicinal agent(s) and alcohol must be 
coded according the medicinal agent, and 
second, alcoholism, when stated on any 
part of the death certificate, must be 
preferred to alcohol poisoning, as the 
statistical UCD. According to special 
instructions in UCD coding, alcoholic liver 
disease and alcoholic psychosis, if 
mentioned on the certificate, are further 
preferred to alcohol dependence 
syndrome/alcoholism. 
Based on the observations in the 
present study, these ICD rules and 
instructions were thoroughly followed at 
SF in 1997. All medico-legally determined 
deaths from alcohol poisoning in the group 
“Comb” were re-classified according to 
the accompanying drug component. This 
practice explains in part the 31% 
underrepresentation of alcohol poisonings 
in national COD statistics for the study 
year 1997. As regards the reciprocal 
relation of alcohol poisoning and 
“alcoholism” for classifying UCD, 17.2% 
of the deaths in the pure alcohol-poisoning 
group “T51” were re-classified to the 
natural disease categories of alcoholism or 
alcohol-related organic diseases, reported 
on the death certificate as contributing to 
death, but not directly causing it. 
These practices are in accordance 
with ICD principles and regulations. By 
not taking into consideration, however, the 
fact that even an alcoholic can die from 
alcohol poisoning, not to mention 
poisoning from ethanol surrogates like 
methanol and isopropanol, this ICD policy 
for classification of causes of death distorts 
the picture of alcohol-related damage to 
society. The present study shows the 
highest BAC values in the group “F102,” 
high enough (mean 3.7 per mille, w/w) to 
cause death. These deaths then, if any, 
were due to alcohol poisoning.  
Poikolainen has studied (1977) 
alcohol-poisoning mortality in four Nordic 
countries and observed that “alcohol 
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 poisoning,” and “chronic alcoholism” as 
the registered UCD were used differently. 
In Finland then, the mean BAC value in 
the group of alcohol poisonings was 3.24 
per mille (weight/weight) and in the group 
chronic alcoholism 1.72 per mille, a clear 
difference between groups. This supports 
the fact that medico-legally proven alcohol 
poisoning was considered such when 
classifying causes of death for national 
statistics. In Sweden, the practice differed, 
the respective BAC values being equal to 
each other: 2.68 and 2.38 per mille, 
supporting an interchangeable use of 
diagnostic labels of alcohol poisoning and 
chronic alcoholism. The corresponding 
figures in the present study, the mean of 
3.3 to 3.4 per mille in alcohol poisoning 
groups and 3.7 per mille in alcoholics, are 
both high and equally lethal. Nevertheless, 
the other group has been classified as due 
to natural cause and the other as accidental 
poisoning, the practice that differs from 
that recorded earlier by Poikolainen (1977) 
and, at the same, approaches to the then 
Swedish classification practice. 
In the light of the results of the 
present study, alcohol poisoning typically 
is a complication of a disease, alcoholism, 
or of non-dependent heavy abuse of 
alcohol. As a rule, disease can be a 
predisposing factor, not a direct cause of 
an unnatural event. For this reason, alcohol 
poisoning among alcoholics, as among any 
individuals, should be noted and classified 
as an unnatural death, an accident most 
usually. In addition, the coverage and 
correctness of “alcoholism” as the COD 
diagnosis on the death certificate is at best 
questionable. We know how casually 
alcoholism, like alcohol-related diseases in 
general, is reported on death certificates 
(Bell and Cremona 1989). Marked 
underreporting of alcohol-related deaths 
(Nashold and Naor 1981, Pollock et al. 
1987, Hanzlick 1988) and alcoholism 
(Perola et al. 1994) in mortality statistics 
has occurred. This obviously depends on 
certification practices: alcoholism and 
alcohol-related diseases are arbitrarily 
stated on the death certificate, especially if 
not based on reliable ante-mortem 
diagnosis, therapy, or follow-up. At 
present, therefore, it seems not to be 
possible to form an exact and 
comprehensive picture on fatal 
“alcoholism”, nor on (accidental) alcohol 
poisonings, within as such concise entity 
of alcohol-related deaths (Mäkelä 1999) in 
general. 
 
3.2 
 
Classification of drug poisoning deaths can 
be considered in relation to two aspects: 
classic medico-legal classification 
according to manner of death (accident, 
suicide, homicide, undetermined) and 
classification according to specification of 
the (main) drug causing the death. For the 
UCD classification of drug poisonings, the 
ICD-10 prefers the categories according to 
manner of death in Chapter XX, which 
also specify drugs but in few and so in 
rather broad groups: X40-X44 (5 groups) 
for accidents, X60-X64 (5 groups) for 
suicides, Y10-Y14 (5 groups) for 
undetermined deaths, and X85 (one group) 
for assaults. For further drug specification, 
additional coding to categories T36-T50 
from Chapter XIX can be used; these add 
10 categories to those five in Chapter XX, 
but practically nothing as to the drug 
specification. Problems in deriving drug-
specific information from COD data 
registered according to ICD categories 
have been discussed (Flanagan and 
Rooney 2002).  
In the medico-legal context, the 
rationale of manner-of-death classification 
as the primary grouping system is easy to 
support: both criminal and civil 
jurisdiction as well as insurance concerns 
require rulings especially between manner 
of death, in addition to drug specification. 
But for primary health policy and drug-
abuse prevention for example, the 
significance of drug-specific classification 
is accentuated. Because drug abuse 
patterns inevitably are related to 
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 availability of drugs, and because it is 
important continuously to follow the 
situation (Steentoft A et al. 2001), COD 
registration also requires a detailed drug-
specific classification. 
In fatal drug poisonings, many types 
of drugs are often simultaneously present 
(Seymour et al. 2001, Steentoft et al. 2001, 
Koski et al. 2002, 2003), especially among 
drug abusers. ICD-10 gives guidance in 
classifying the main diagnosis, whenever 
possible, according to the component that 
caused or contributed most to the 
presenting syndrome. The same principle 
applies to multiple-drug poisonings; the 
drug specified as the main component of 
the cause of death is the target for primary 
coding; other simultaneous drugs can be 
registered with additional codes. 
In Finland, SF holds to the ICD-10. 
Death certifiers, however, use the national 
adaptation of ICD-10 (Tautiluokitus ICD-
10), according to which the external-cause 
classification is reduced to one category 
for each manner of death: X44 for 
accidents, X69 for suicides, Y19 for 
undetermined deaths, and X85 for assaults, 
the latter sub-categorized further according 
to offender. Drugs are specified by 
certifiers according to ATC classification, 
not to the ICD. This practice has the result 
that the ATC codes must be translated at 
SF into ICD codes, a procedure open to 
human error and by which highly specific 
information must be forced into broader 
categories (T36-T50) of ICD-10. 
One solution to the need for drug 
specification and to these practical 
inconveniences could be the integration of 
ATC codes, at 5-character level, into the 
ICD, as an additional column in the 
present table of drugs and chemicals in 
Section III of Volume 3, for instance. 
ICD regulations and rules direct the 
selection and coding of the statistical 
UCD. In addition to the proper poisoning 
categories, accidental and undetermined 
(as to intent) drug poisonings can be 
classified into mental disorders attributable 
to dependent use of a psychoactive drug 
(F11-F16 and F19) and also to F55 when 
abuse of a non-dependence-producing drug 
is concerned, and to some other drug-
induced/-related diseases, when mentioned 
anywhere on the death certificate. In the 
present study material, this ICD-10 policy 
took effect especially in the classification 
of medico-legally proven accidental opioid 
poisonings, when, of 37 cases, 10 (about 
27%) were reassigned to the corresponding 
dependence category, i.e., considered as 
natural deaths. Flanagan and Rooney have 
reported (2002) on the same problem. In 
England and Wales, deaths from acute 
drug poisoning/substance abuse may be 
coded also to the ICD (then ICD-9) 
categories of dependent/nondependent 
abuse; in fact, Flanagan and Rooney state 
that in recent years about 90% of deaths 
with an UCD coded to the dependent and 
non-dependent drug abuse categories have 
actually been certified as due to acute drug 
poisoning. These authors conclude that 
ICD-derived fatal poisoning data are 
inadequate and that a poison-oriented 
approach to data collection and analysis is 
necessary. In an analysis of poisoning 
mortality data from the National Center for 
Health Statistics in the US, Fingerhut and 
Cox (1998) have also paid attention to the 
definition, classification, and coding of a 
poisoning death and to the multiplicity in 
interpretation of poisoning COD statistics. 
In the present study, regarding 
manner-of-death categories, medico-
legally proven suicides were the category 
most resistant to the ICD-based 
classification procedure, with an 
agreement of 98 to 99% between certified 
and registered underlying causes of death. 
In accidents, the corresponding rate 
observed was only about 80%; querying 
the certifier or consulting the medical 
expert or FTD or any of these, had resulted 
in reassignment of three deaths to suicide, 
in addition to those assigned to the drug-
dependence categories discussed. 
The group of undetermined deaths 
(by certifiers) was treated totally 
differently, but in a systematic manner: All 
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 deaths were reassigned, for the most part 
(73 of 75 cases) as accidents. This practice 
is according to the ICD-10 note on 
undetermined death which states: “This 
section covers events where available 
information is insufficient to enable a 
medical or legal authority to make a 
distinction between accident and self-
inflicted injuries, but not poisoning when 
not specified whether accidental or with 
intent to harm.” Another interpretation can 
be drawn from the ICD text regarding 
acceptability of certified COD sequence 
and selection of the UCD according to 
which also the manner of death is 
determined: “... the medical certifier’s 
statement... should not be disregarded 
lightly.” This might be also applied to the 
“undetermined” ruling; the ME’s/forensic 
pathologist’s statement “undetermined 
death,” most usually due to insufficient 
information to differentiate between 
accident and suicide in deaths from drug 
poisoning, reflects his/her informed 
opinion on the cause, manner, and 
circumstances of death. 
 
On the whole, the ICD-10 practice of 
reassigning undetermined deaths from 
poisoning nearly exclusively to the 
accident category, especially in pure 
drug/drugs poisoning groups, inevitably 
changes the relative proportion of suicides 
and accidents towards accidents, without 
directly acknowledging this direction. In 
fact, Huusko and Hirvonen (1988) when 
reassessing medico-legally proven 
accidents and undetermined deaths from 
the province of Oulu, Finland, have 
observed that hidden suicides exist among 
as undetermined and accidental reported 
poisonings.  
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 SUMMARY AND CONCLUSIONS 
 
After each death, the physician concerned 
must determine the cause and manner of 
death, complete the death certificate, and 
send its medical portion to the cause-of-
death (COD) statistics authority, in Finland 
via the regional State Provincial Office 
(SPO). At SPO, the provincial medical 
officer examines the certificate, possibly 
asks the certifier for additional information 
on the cause(s), manner or circumstances 
of death, and sends the death certificate, 
with his/her (possible) statement and 
signature, further to Statistics Finland 
(SF). At the Cause of Death Statistics unit 
of SF, the COD information on the 
medical death certificate is coded, and the 
statistical underlying cause of death 
(UCD) is selected according to the 
International Statistical Classification of 
Diseases (ICD) then in use, after validation 
by a query to the certifier or consulting 
medical expert, or both, if needed. In 
Finland, post-mortem forensic toxicology 
is centralized at the Forensic Toxicology 
Division (FTD), Department of Forensic 
Medicine, University of Helsinki. 
In the present study, three stages of 
this COD-collecting process were 
assessed: First, use of autopsy in COD 
determination and certification in male 
deaths from ischemic heart diseases (IHD) 
and cerebro-vascular diseases (CVD), as 
an indicator for the reliability of national 
mortality statistics on the disease category 
concerned. Second, the correctness of 
medical death certificates, and the effect 
on national COD statistics of validation by 
query to certifier or consulting medical 
expert, or both of unsatisfactory 
certificates. Third, classification and 
coding of the medico-legally proven 
alcohol or drug poisonings, or both 
according to the ICD-10. 
Autopsy rates in male (aged 35 to 84 
years) deaths from non-violent causes 
(ICD-9 codes 001-799), from IHD (410-
414) and from CVD (430-438) were 
calculated from SF data as the ratio of 
autopsied deaths to all deaths in the 
category, and assessed in the beginning, in 
the middle, and at the end of the study 
period from 1974 to 1993. Trends in 
autopsy-based COD certification of deaths 
from IHD proved to be stable, increasing 
overall significantly in all age-groups 
during the first half of the study period, but 
especially for ages 45 to 64 in the medico-
legal system and for ages 65 to 84 in 
clinical autopsies. This increase, overall 
and in medico-legal autopsies, continued 
during the second half of the study period 
in the middle-aged (45 to 64) groups, 
whereas in clinical autopsies, a definite 
decrease occurred. In relation to all non-
violent deaths, the overall autopsy rate for 
IHD deaths even increased at all ages. 
In corresponding deaths from CVD, 
an initial increase occurred in all groups 
except the two youngest (35 to 54) for 
clinical autopsy. During the second half of 
the study period, autopsies overall and also 
those in the clinical category decreased at 
all ages; in the medico-legal autopsy 
category this trend was towards moderate 
increase up to the age of 64. Compared to 
the starting level in 1974, the rate figures 
were higher, and even significantly, only 
in medico-legal groups between the ages 
of 35 and 64. In relation to all non-violent 
deaths, the autopsy rate for CVD deaths 
decreased at all ages. 
Of the annual (1995) 49 074 Finnish 
death certificates, 3 478 (7.1%) turned out 
to be insufficient or inconsistent for 
classification and coding according to the 
UCD, and were first validated by 
consulting a medical expert or querying 
the certifier, or both. Among these 3 478 
certifications, 2 483 (71.4%) proved to be 
correct at the main category level of the 
ICD-9. Endocrine/metabolic diseases, 
malignant neoplasms, and deaths from 
injury or poisoning were significantly 
underreported, 75.9%, 34.4%, and 25.6% 
respectively. Death certificates with less 
specific antecedent causes were 
specified—category of ill-defined 
conditions (XVI in ICD-9) by 71.7% and 
unspecified neoplasms (II3) by 46.3%. 
Heart and vascular diseases (HVD), the 
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 most numerous category in the material, 
revealed underreporting by 3.5%, only. 
When the HVD category was divided into 
ICD subcategories, disagreements of 
course increased, ranging from 3.6-fold 
(rheumatic heart disease) underreporting to 
overreporting by 51.5% (pulmonary 
circulation disease). IHD showed a 
significant underreporting: 69%. The 
impact of death certificate validation on 
Finnish COD statistics appeared 
significant only, however, in reducing the 
number of more or less unspecific 
categories: ill-defined conditions by 
38.5%, pulmonary circulation disease by 
37.6% and neoplasms, benign or 
unspecified, by 15.2%. Ischemic heart 
diseases increased by 1.5%. 
In the study year 1997, deaths from 
alcohol poisonings numbered 401 by FTD 
register and 275 by SF, the 
underrepresentation at the national 
statistics being 31.4%. This figure was of 
the same order as for the previous year 
(29.6%), the year of ICD-10 introduction 
to Finland, but much higher than during 
the first half of the 1990’s—a range of 9.8 
to 16.3%. Statistics Finland (ICD-10) 
disagreed with 81 (22.8%) of medico-
legally proven pure alcohol poisonings, 
356 in number. As to the 45 poisoning 
deaths in which the medical examiner 
reported alcohol to be the most important 
toxicant in a combined alcohol-drug 
poisoning, all were reassigned, most to the 
drug-poisoning category. This coding 
practice for alcohol-drug poisonings 
explained about one-third of the 
underrepresentation of alcohol poisonings 
in national statistics in 1997; two-thirds 
resulted from the reassignment of medico-
legal alcohol poisonings to some ICD-10 
category (mostly alcoholism, F102) other 
than that of alcohol poisoning (X45). 
In 1997, medico-legally proven drug 
poisonings numbered 500, with 99 
(19.8%) being accidental, 325 (65%) 
suicidal, and 76 (15.2%) undetermined (as 
to intent). As to the manner of death, 
Statistics Finland (ICD-10) agreed with 
79.8% of the accidental and 98.2% of the 
suicidal drug poisonings. In contrast, all 
medico-legally undetermined deaths from 
drug poisoning were reassigned: 73 (96%) 
to accident (in accordance with the ICD-10 
notes), two deaths to natural disease 
categories, and one to suicide. For the 
specification of drug(s) causing death by 
poisoning, ICD-10 has five accidental 
(X40-X44), suicidal (X60-X64), and 
undetermined (Y10-Y14) categories. 
Certifiers in Finland do not use secondary 
classification to the categories T36-T50. 
Instead, Anatomical Therapeutic Chemical 
(ATC) Classification for drug specification 
is used by FTD and death certifiers which 
leads to clearly increased specificity but 
results in extra work at SF where after all 
the COD diagnoses with ATC codes must 
be assigned to ICD-categories. 
 
To conclude, 
 
Systematic medical validation of 
insufficient and inconsistent death 
certificates at a statistics office by expert 
consultation and query to the certifier for 
further information promote the 
correctness and specificity, especially, of 
medical information on death certificates. 
Finnish national UCD-based COD 
statistics seem to be valid and reliable, 
especially for deaths from IHD, but not for 
deaths from alcohol poisonings—nor from 
“alcoholism,” either. To improve the 
situation, medically proven and certified 
deaths both from alcohol poisonings and 
drug poisonings among abusers—with or 
without dependence—should be classified 
primarily as poisonings; any concomitant 
abuse/dependence syndrome and possible 
organic complication would be registered 
under additional codes. 
By making the ATC classification an 
integrated part of the ICD, drug-
specification in COD statistics would 
reach an optimal level to produce more 
detailed insight into the ever-changing 
pattern of misused drugs. 
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APPENDIX 
  DEATH CERTIFICATE*  
 of a person aged 28 days or more 
1. Family name  2. First names 
              
 
3. Social security number 4. Time of death  5. Last home municipality 6. Administrative court 
dd mm yy 
      
 
− 
identifier 
     
dd mm yy 
      
 confirmed 
 estimated 
            
7. Causes of death    ICD-10 disease classification codes  
7.1  Diseases, injuries, toxic conditions and external causes leading to death (I) (to be entered without the full stop)  Assumed duration 
A. Direct cause of death (not the final mode of dying) Cause code  Symptom code*  of illness 
      or external code 
 
      
Main injury/ 
nce toxic subta
      
 
 
      
B. Intervening cause(s) of death 
       
 
      
 
 
      
 
 
      
C. Underflying cause of death 
       
      
      
 
      
      
 
      
      
7.2 Other significant conditions  contributing to the death (II), but not related to the conditions stated in 7.1 
 
 
      
 
 
 
      
 
 
 
      
 
 
 
      
 
 
      
 
 
      
      
 
 
      
 
 
      
 
 
      
8. Classification of death (determined by 7.1 C above/underlying cause of death 
 Disease  Occupational 
      disease 
 Accident  Medical treatment or 
 examination 
 Suicide  Homicide  War  Undeter- 
mined intent 
9. Where the death is classified as an accident, select the best suited alternative from the following: 
 During transport  At work  During sport or   
 physical exercise 
 During leisure 
 activity 
 At home  In hospital care 
  
 Other  Not 
 known 
10. Place of death 
 Unit of health 
 care, state
 which? 
 Home/ 
 residence 
 Other,state      Abroad, state 
      which?                   which? 
      
11. Medical treatment administered in the past four weeks if not already entered in 7. above? 
 No   Yes  State when, type of treatment and condition treated, at 12. 
12. Circumstances of death (State of health prior to the onset of the train of events which led to death. Progsess ot the disease which led  to the death; main  
 examination results and treatment.) If death entailed a mortal injury or toxic condition, the external conditions must be described in detail. 
      
13. Method used to investigate cause of death: Place of autopsy / Other, state what? Autopsy number 
 Clinical 
  examination 
  Mecical 
 autopsy  
 Forensic 
 autopsy 
  
 Other, state 
      what? 
             
14. I hereby certify, on my honour and conscience, that the information given above is true and correct. 
Place and date 
      
Medical practitioner’s signature 15. 
Code of issuing
Place of office or stamp : Tel.:          
 Fax::        
Medical practitioner’s name in print 
      
 health care unit 
(place of office) 
      Position 
      
 
      
State Provincial Office  statement: The cause of death has been investigated and the death certificate has been properly completed. 
Date   Signature (Sections 7 - 13 to be filled in and the death- certificate 
signed after causes of death have been investigated.) 
Completed form to be forwarded to the State Provincial Office of the province in which the last home municipality of the deceased was situated 
The Provincial Government will forward the form to Statistics Finland.   
 * Unofficial translation 
